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ii^'^o  NOTE 

In  planning  this  helpful  series  of  Educators »  it  has  been  the 
aim  of  the  author  and  publishers  to  present  step  by  step  a 
logical  plan  of  study  in  General  Engineering  Practice,  taking 
the  middle  ground  in  making  the  information  readily  available  and 
showing  by  text,  illustration,  question  and  answer,  and  calcula- 
tion, the  theories,  fundamentals  and  modem  applications,  includ- 
ing construction  in  an  interesting  and  easiiy  understandabie 

form. 

Where  the  question  and  answer  form  is  used,  the  plan  has 
been  to  give  short,  simple  and  direct  answers,  limited  to  one 
paragraph,  thus  simplifying  the  more  complex  matter. 

In  order  to  have  adequate  space  for  the  presentation  of  the 
important  matter  and  not  to  divert  the  attention  of  the  reader, 
descriptions  of  machines  have  been  excluded  from  the  main 
text,  being  printed  in  smaller  type  tmder  the  illustrations. 

Leonardo  Da  Vinci  once  said: 

"Those  who  give  themselves  to  ready  and  rapid  practice 
before  they  have  learned  the  theory,  resemble  sailors  who  go 
to  sea  in  a  vessel  without  a  rudder" 

— in  other  words,  "a  little  knowledge  is  a  dangerous  things 
Accordingly  the  author  has  endeavored  to  give  as  much  infor- 
mation as  possible  in  the  space  allotted  to  each  subject. 

The  author  is  indebted  to  the  various  manufacturers  for 
their  co-operation  in  furnishing  cuts  and  information  relat- 
ing to  their  products. 

These  books  will  speak  for  themselves  and  will  find  their 
place  in  the  great  field  of  Engineering. 
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CHAPTER  82 


PIPE,  FITTINGS,  AND  PIPE  FITTING 


1.   PIPE 


Formerly  wrought  iron  was  almost  exclusively  used  in  the 
manufacture  of  wrought  pipe,  but  because  of  its  expense  and 
also  on  account  of  the  improved  methods  in  the  manufacture  of 
steel  pipe,  conditions  have  been  reversed  and  now  almost  all 
wrought  pipe  is  made  of  steel. 

As  mentioned  in  a  previous  chapter,  the  term  ** wrought  iron 
pipe**  is  often  erroneously  used  to  refer  to  pipes  made  to  Briggs 
standard  sizes  rather  than  of  the  material,  hence,  in  ordering 
pipe,  if  iron  pipe  be  wanted  instead  of  steel,  care  should  be  taken 
to  specify  genuine  wrought  irony  or  guaranteed  wrought  iron  pipe. 

It  is  customary  for  manufacturers  to  stamp  each  length  of 
such  pipe  as  genuine  wrought  iron  to  distinguish  it  from  steel, 
and  no  wrought  iron  pipe  should  be  accepted  as  such  without  the 
stamp. 


NOTE. — ^The   National  Company  state  that  *'the  tnsdom  of  their  decision  to  make 
steel  pipe  only  is  shown  by  the  fact  that  between  80  and  90  per  cent,  of  the  pipe  used  to-day  iri 
the  United  States  is  steel  pipe.    In  addition  to  the  advantage  of  better  service  by  using  stee' 
pipe  it  is  possible  to  save  from  twenty  to  thirty  per  cent,  on  the  first  cost,  due  to  the  fact  th' 
pipe  steel  is  made  by  machine  rather  than  by  hand  process." 
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Wrought  pipe  is  made  either  by  the  lap  welded  or  butt  welded 
process,  and  boiler  tubes  by  the  lap  welded  or  seamless  process. 
The  lap,  and  butt  processes  are  shown  in  Chapter  77,  pages 
2.801  and  2,802. 


Briggs'  Standard. — Both  wrought  iron  and  steel  pipes  are 
made  to  the  same  standard  of  sizes.    The  nominal  sizes  of  pipe 
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Fig.  6,032. — ^Briggs  standard  i)ipe  thread.  This  standard  is  due  to  Robert  Briggs,  C.E.,  who 
prepared  a  paper  on  "American  Practice  in  Warming  Buildings  by  Steam, 'Htor  the  Insti' 
tution  of  Civil  Engineers  of  Great  Britain  (vol.  Ixxi,  Session  1882-83,  Part  1) .  This  paper 
was  presented  and  read  after  his^death.    The  following  extracts  from  the  paper  (see  idso 

■  A.  S.  M.  B.  transactions,  vol.  viii),  give  data  yxjpon  which  the  Briggs  standard  is  based: 
*  'The  taper  employed  for  the  conical  tube  ends  is  uniform  with  all  makers  of  tubes  or  fittings , 
namely  an  inchnation  of  1  in  82  to  the  axis.  Custom,  has  established  also  a^particular  length 
of  screwed  end  for  each  different  diameter  of  tube.  Tubes  of  the  several  diameters  are  k^t 
in  stock  by  manufacturers  and  merchants,  and  form  the  basis  of  a  regular  trade  in  the 
apparatus  for  warming  by  steam.  A  knowledge  of  all  these  particulars  is  therefore  essential 
for  designing  apparatus  for  the  purpose.^  The  ruling  dimension  in  wrought  iron  tube  work 
is  the^extemal  diameter  of  certain  nominal  sizes,  which  are  designated^  roughly  according 
to  their  internal  diameter.  These  nominal  sizes  were  mainly  established  in  the  English  tube 
trade  between  1820  and  1840,  and  certain  pitches^  of  screw  thread  were  then  adopted  for 
them,  the  coarseness  of  the  pitch  varying  roughly  with  the  diameter,  but  in  an  arbitrary  wav 
utterly  devoid  of  regularity.  The  length  of  the  screwed  portion  on  the  tube  end  varies  with 
the  external  diameter  of  the  tube  according  to  an  arbitrary  rule  of  thumb;  whence  results, 
for  each  size  of  tube,  a  certainniinimiuxi  thiclmess  of  metal  at  the  outer  extremity  of  the 
tapering  screwed  tube  end.  It  is  the  determination  of  this  minimum  thickness  of  metal ,  for 
the  taperixiff  screwed  end  of  a  wrought  iron  tube ,  which  constitutes  the  question  of  mechanical 
interest.  The  figure  shows  a  longitudinal  section  of  the  tapering  tube  end,  with  the  screw 
thread  as  actually  formed  full  size  for  a  nominal  2  H-inch  pipe,  that  is  a  pipe  about  2  yi  inches 
internal  diameter  and  2H  inches  actual  external  diameter. 

'^^  ^"nches  and  under,  and  the  pitches  of  the  threads,  were  for  the 
oart  established  in  the  British  tube    (called   '*pipe*'   iiy 
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America)  trade  between  1820  and  1840.     The  sizes  are  designated 
roughly,  according  to  their  internal  diameters. 

Robert  Briggs,  about  1862,  while  superintendent  of  the  Pascal  Iron 
Works,  formtdated  the  nominal  dimensions  of  pipe  up  to  and  including 
10  inches.  These  dimensions  have  been  broadly  spread  and  are  widely 
known  as  "Briggs'  standard,"  as  given  in  the  accompanying  table.  1 

The  thread  has  an  angle  of  60**  and  is  slightly  rounded  off  at  top  and  bot-    I 

t 

.8 
tom  so  that  the  total  height  (depth),  H«^—  where   n   is   the   number    of 

fi 

threads  per  inch.   The  pitch  of  the  threads  -  increases  roughly  with  the 

It 

diameter,  but  in  an  arbitrary  and  irregular  manner.  It  would  be  advan- 
tageous to  change  the  pitches  except  for  the  fact  that  they  are  now  firmly 
established. 

The  conically  threaded  ends  of  pipe  are  cut  at  a  taper  of  54  inch  diameter 
per  foot  of  length,  that  is,  1  in  32  to  the  axis  qf  the  pipe,  as  shown  in  fig. 
5,032. 

For  the  various  sizes  of  pipes  ran^ng  from  J^  to  10  inches  nominal  inter- 
nal diameter,  with  their  corresponding  nimaber  of  screw  threads  per  inc^, 
the  actual  internal  diameter  d,  is  expressed  by  the  following  table  in  terms 
of  the  actvtal  external  diameter  D. 

Diameter  of  Standard  Wrought  Pipe 


Nominal 
internal 
diameter 

Actual  internal  diameter 
d,  in  terms  of  actual 
external  diameter  D 

Number  of 

screw  threads 

per  inch 

Depth  of  thread 

according  to 

National 

Tube  Co. 

Inches 

HandH 

I.IHAH  and  2 

2H  to  10 

Inches 
<i«.9631D— .1204 
d  =  .9622I>- .1556 
d  =  .9614I>— .1857 
J  =  .9607D— .2152 
rf  =  .9587D— .2875 

27 
18 
14 

nyi 

8 

Inch 

.0296 

.0444 

.0571 

.0696 

.1 

Quoting  from  Briggs: 

"The  number  of  screw  threads  per  inch  for  the  several  sizes  of  tubes 
here  accepted  from  customary  usage.    It  is  the  workman's  approximat 
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to  the  pitch  practically  de- 
sirable, and  much  reluctance 
must  consequently  be  felt  in 
calling  it  in  question.  Still 
it  would  have  been  better  to 
investigate  the  general  case 
upon  the  basis  of  a  pitch 
ranging  in  closer  accordance 
with  the  range  of  tube  dia- 
meter. Thus  the  nominal)^ 
inch  tubes  might  have  had 
16  thread  per  mch;  H  inch, 
14  threads;  1  and  1}4  inch, 
12  threads;  1 J^  and  2  inches, 
U  threads;  2!^  to  3}^  ins.. 
10  threads;  4  to  6  inches, 
8  threads;  7  to  9  inches,  7 
threads;  and  10  inches,  not 
more  than  6  threads  per 
inch.  The  existing  numbers 
of  threads,  however  (as  here 
given),  are  now  too  well 
established  to  be  disturbed; 
at  all  events  they  must  be 
taken  in  any  statement  of 
present  practice." 


take  in  sizes  up  to  15  inches 
inclusive,  except  that  the 
standard  thickness  is  .375  in . 
Pipes  larger  than  15  inches 
nominal  size  are  known  by 
theiroutsidediameter.  The 
dimensions  have  have  also 
been  extended  to  extra  strong 
and  double  extra  strong  pipe, 
by  retaining  the  outside  (ua- 
meter  and  allowing  the  in- 
side   diameter    ' 


thickness. 


We^ts  of  Pipe.— In 

order  to  adapt   wiT^ught 
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pipe  to  different  pressures  it  is  regularly  made  up  in  three  grades 
of  thicknesses  (weights)  known  as 

1.  Standard. 

2.  Extra  strong  (or  heavy). 

3.  Double  extra  strong  (or  heavy). 

For  the  three  grades,  the  outside  diameters  of  the  listed  sizes 
remain  the  same,  but  the  thickness  is  increased  by  decreasing 
the  inside  diameter. 

For  instance,  figs.  5,033  to  5,035  show  sections  of  the  above  three  grades 
of  pipe  of  the  same  listed  size.  The  following  tables  give  properties  of 
the  three  grades  of  wrought  pipe  as  regularly  marketed. 

Ques.    What  is  merchant  pipe? 

Ans.     Short  weight  pipe. 

It  is  necessary  to  guard  against  this  short  weight  pipe  which  formerly 
was  extensively  made  to  meet  the  demand  of  sharp  jobbers,  but  now  repu- 
table companies  have  given  up  the  manufacture  of  such  pipe. 

Merchant  pipe  is  usually  5  to  10  per  cent  thinner  than  full  weight  pipe. 
It  should  be  carefully  avoided  in  work  of  any  importance,  as  the  extra 
cost  of  maintenance  will  soon  overbalance  the  small  difference  in  first  cost. 
As  a  precaution  against  merchant  pipe,  orders  should  specify  full  weight 
pipe. 

Manufacture  and  Tests. — ^Welded  steel  pipe  should  be 
made  from  uniformly  good  quality  soft,  weldable  steel,  rolled 
from  solid  ingots.  Sufficient  crop  should  be  cut  from  the  ends 
to  insure  sound  material,  and  the  steel  shall  be  given  the  most 
approved  treatment  in  heating  and  rolling. 

The  steel  from  which  the  pipe  is  made  must,  according  to  the  National 
Tube  Co.,  show  the  following  physical  properties: 

Tensile  strength,  50,000  pounds       Elongation  in  8  ins.,  18  per  cent 
Elastic  limit  over  30,000  pounds      Reduction  in  area,  50  per  cent 

The  following  test  pressures  ?,re  applied  to  the  respective  sizes  of  bu^' 
and  lap  welded  pipe  for  the  three  grades  or  weights: 
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Test  PreMures. 

National  Tube  Co. 


Test  pressure 

Teat  pressure 

Test  pressure 

in  pounds 

in  pounds 

Sixe 

Size 

Size 

Butt 

Lap 

Butt 

Lap 

Butt 

Lap 

H 

700 

a 

700 

700 

700 

700 

H 

700 

U 

700 

H 

700 

700 

700 

% 

700 

700 

1 

700 

I 

700 

1 

700 

IH 

700 

1,000 

1^ 

1,500 

}H 

2,200 

m 

700 

1,000 

m 

1,500 

2,500 

2.200 

3.000 

2 

700 

1.000 

2 

1,500 

2.500 

2 

2,200 

3.000 

2H 

800 

1,000 

2^ 

1.600 

2,000 

2>^ 

2.200 

3.000 

3 

800 

1,000 

3 

1,500 

2,000 

3 

3,000 

m 

1,000 

33^ 

2,000 

3>^ 

2.500 

4 

1,000 

4 

2,000 

4 

2,500 

4>^ 

1,000 

43^ 

1,800 

^H 

2,000 

fi 

1,000 

5 

1,800 

5 

2.000 

6 

1,000 

6 

1,800 

6 

2,000 

7 

1,000 

7 

1,500 

7 

2,000 

8 

800 

8 

i;500 

8 

2,000 

8 

1,000 

8 

9 

900 

9 

1,500 

9 

10 

600 

10 

1,200 

10 

10 

800 

10 

10 

900 

10 

11 

800 

11 

1,100 

11 

12 

600 

12 

1,100 

12 

12 

800 

12 

13 

700 

13 

1,000 

13 

14 

700 

14 

1.000 

14 

15 

600 

15 

1,000 

15 
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tests  to  determine  the  actual  btirsting  pressure  of  wrought  pipe 
have  proved  Barlow's  formula  to  be  correct.    Barlow's  fonnula  is 


BP 


2TXTS 
OD 


in  which  BP  =  bursting 

pressure  in  lbs.  per  sq.  in.;  T  =  thickness  of  the  wall  in  ins.; 

0D  =  outside  diameter  of  pipe  in  ins.;  TS= tensile  strength. 

The  value  of  TS  as  determined  from  actual  tests  by  the  Crane  Co.,  is 
40,000  lbs.  per  sq.  in.  for  butt  welded  pipe  and  50,000  lbs.  for  lap  welded 
steel  pipe.  The  following  table  is  based  on  Barlow's  formula  and  the 
working  pressures  given  is  based  on  a  factor  of  safety  of  eight. 

WROUGHT  STEEL  PIPE 

BURSTING  AND  WORKING  PRESSURES 


Stamoakd                   I 

Emu  Snowo       | 

DOOBUC  EXTIIA  STRONO  { 

Lakcb  o  d. 

" 

BjUlttif 

WortdM 

Buiiilin 

Worttey 

Bunttac 

Worklwi 

"^^ 

Workfog 

M  Inch 
Tbtck 

W'lrkint 

MM 

TMtW 

Btflov'a 

FiMiar 

Pwura 
Bwtow'i 

Factor 

BureiiBC 
Vnmvn 

Pr— ura 
Fsctor 

Bursuae 
PresMre 

Proaura 
Fartor 

ImlMi 

Ponmto 

8 

romula 

8 

ForaulA 

8 

BMlQw'a 
Pormnl* 

Barlow** 
Pormula 

8 

i 

18.433 

1679      . 

18.760 

3095 

1 

1 

13/BS 

1889 

17.624 

8953 

. 

10.784 

1348 

14.938 

1868 

* 

10.384 

1398 

».'» 

1780 

88,000 

3S0O 

^ 

, 

8.608 

1078 

1718 

83.464 

8933 

T 

8.068 

1011 

10.888 

1611 

81.776 

8788 

i» 

8,744 

843 

0,800 

1180 

18.408 

8301 

8.101 

763 

8.416 

1068 

16.840 

3108 

r 

8.184 

848 

7A38 

817 

14.680 

1838 

SM 

8.848 

708 

7.680 

860 

18.360 

1980 

r 

4J88 

817 

8J88 

887 

13.714 

1714 

ta 

8J18 

701 

7.960 

994 

18.900 

1987 

r 

8.168 

n 

7.480 

938 

14,970 

1871 

*H 

4,840 

7.100 

887 

14.800 

1778 

V 

4.890 

679 

8,740 

848 

13.480 

1685 

6 

4,»0 

888 

8.830 

815 

13.940 

1630 

7 

8.840 

493 

8M0 

819 

11.470 

1434 

• 

.8.780 

468 

6.780 

788 

10.140 

1887 

t 

8450 

444 

8.190 

849 

10 

8.890 

484 

4.600 

881 

13 

8,940 

168 

8,880 

490 

• 

14 

MM 

338 

1.570 

^ 

» 

8.500 

813 

8,388 

16 

8.340 

868 

3.180 

aao 

18 

8.080 

860 

8.770 

810 

M 

L870 
tTOO 

834 

8J00 

Sl» 

a 

813 

8.270 

884 

14 

1.560 

198 

8.060 

S80 

1 

[a« 

M»lN»f«M 

ue.buttwc 

Idedplpewi 

M  figured  oi 

18lMS3illCll 

MidtOIAUO 

rMidlftpwc 

dded  pipes! 

Ixee&klnch 

andUrter. 

Ques.    Are  the  working  pressures  given  in  the  table 
ordinarily  used  on  pipe  lines  ? 

Ans.    No.  A  considerable  margin  must  be  allowed  on  accotint 
of  the  erecting  and  operating  strains  which  come  on  the  fittings. 

Valves  and  fittings  are  classified  tinder  five  general  headings:  1,  Low 
pressure. — Suitable  for  pressures  up  to  25  lbs.  per  sq.  in.;  2,  Standard. — 
Suitable  for  pressures  up  to  125  lbs.;  3,  Medium  pressure. — Suitable  for 
pressures  from  125  to  175  lbs.;  4,  Extra  /teary.-~Suitable  for  pressures 
from  175  to  250  lbs.;  5,  HudrauUc. — Suitable  for  water  pressures  up  to 
6,000  or  more  lbs. 
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2.  FITTINGS 

Since  pipe  cannot  be  obtained  in  unlimited  lengths,  and  the 
fact  that  in  practically  all  pipe  installations  there  are  numerous 
changes  in  directions,  branches,  etc.,  pipe  fittings  have  been 
devised  for  the  necessary  connections.  By  definition  the  term 
pipe  fittings  is  used  to  denote  all  those  pieces  that  may  be  attached 
to  pipes  in  order  1,  to  alter  the  direction  of  a  pipe,  2,  to  connect 
a  branch  with  a  main,  3,  to  close  an  end,  and  4,  to  connect  two 
pipes  of  different  sizes.* 

There  is  an  undue  multiplicity  of  fittings  on  the  market  and  the  supply 
house  that  keeps  all  of  them  is  indeed  hard  to  find,  hence  in  pipe  fitting,* 
it  is  advisable  to  use  only  the  simplest  fittings,  because  special  or  tmusual 
forms  are  hard  to  get  and  costly. 

All  these  various  fittings  may  be  classed 

1.  With  respect  to  material,  as 

a.  Cast  iron. 

b.  Malleable  iron. 

c.  Brass. 

^-  Steel{,-^ 

2.  With  respect  to  design,  as 

a.  Plain. 

b.  Beaded. 


*  NOTE. — ^According  to  the  National  Tube  Co.,  couplings  and  valves  are  not  considered 
as  fittings.  Couplings  are  excluded  perhaps  on  account  of  the  custom  of  furnishing  a  coupling 
with  each  length  of  pipe.  Strictly  speaking,  however,  the  author  believes  that  couplings 
should  be  regarded  as  fittings. 

*  NOTE. — ^The  diflEerence  in  meaning  between  the  terms  pipe  fittings  and  pipe  fitting 
should  be  noted.  Thus,  pipe  fittings  denotes  the  various  devices,  such  as  elbows,  T's,  etc.,  used 
io  connecting  pipes,  and  pipe  fitting » the  process  of  cutting,  threading,  and  screwing  the  pipes 
and  fittings  together,  the  man  who  does  tnis  being  called  a  pipe  fitter.  There  are  a  good  many 
persons  posing  as  pipe  fitters  who  have  no  right  to  the  title  judging  from  the  quaiity  of  their 
work. 
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3.  With  respect  to  the  method  of  connecting,  as 

a.  Screwed. 

b.  Flanged. 

c.  Ball  and  spigot. 

4.  With  respect  to  strength,  as 

a.  Standard. 

b»  Extra  strong  (or  heavy). 

c»  Double  extra  strong  (or  heavy) . 

6.  With  respect  to  the  surface,  as 

a.  Black. 

b.  Galvanized. 

6.  With  respect  to  finish,  as 

a.  Rough. 

b.  Semi'finished. 

c.  Polished. 

7.  With  respect  to  service,  as 

a.  Gas. 

b.  Steam. 

c.  Hydraulic  (heavy  pressure). 

d.  Drainage. 

e.  Railing. 

The  following  definitions  (from  the  National  Tube  Co.'s  book 
of  pipe  standards),  relating  to  pipes,  joints,  and  fittings  will 
be  found  helpful  to  the  pipe  fitter,  and  those  desiring  ta 
acquire  a  knowledge  of  the  subject. 


Definitions 

Armstrong  Joint. — A  two  bolt,  flanged  or  lugged  connection  for  high 
Dressures.  The  ends  of  the  pipes  are  pectdiarly  formed  to  properly  hold 
a  gutta-percha  ring.     It  was  originally  made  for  cast  iron  pipe.     T 
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two  bolt  feature  has  much  to  commend  it.  There  are  various  substitutes 
for  this  joint,  many  of  which  employ  rubber  in  place  of  gutta-percha; 
others  use  more  bolts  in  order  to  reduce  the  cost. 

Bell  and  spigot  joint. ^^1,  The  usual  term  for  the  joint  in  cast  iron 
pipe.  Each  piece  is  made  with  an  enlarged  diameter  or  bell  at  one  end 
mto  which  the  plain  or  spigot  end  of  another  piece  is  inserted  when  hying. 
The  joint  is  then  made  tight  by  cement,  oakum,  lead,  rubber  or  other 
suitable  substance,  which  is  driven  in  or  caulked  into  the  bell  and  aroimd 
the  spigot.  When  a  similar  joint  is  made  in  wrought  pipe  by  means  of  a 
cast  bell  (or  hub),  it  is  at  times  called  hub  and  spigot  joint  (poor  usage). 
Matheson  joint  is  a  name  applied  to  a  similar  joint  in  wrought  pipe  wfidi 
has  the  bell  formed  from  the  pipe.  2.  Applied  to  fittings  or  valves,  means 
that  one  end  of  the  run  is  a  "bell"  and  the  other  end  is  a  * 'spigot,"  similar 
to  those  used  on  regular  cast  iron  pipe. 

Bonnet, — 1.  A  cover  used  to  guide  and  enclose  the  tail  end  of  a  valve 
spindle.    2.  A  cap  over  the  end  of  a  pipe. 

Branch. — ^The  outlet  or  inlet  of  a  fitting  not  in  line  with  the  run,  but 
which  may  make  any  angle. 

Branch  ell. — 1.  Used  to  designate  an  elbow  having  a  back  outlet  in  line 
with  one  of  the  outlets  of  the  "nm."  It  is  also  called  a  heel  outlet  elbow. 
2.  Incorrectly  used  to  designate  side  outlet  or  back  outlet  elbow. 

Branch  pipe.— A  very  general  term,  used  to  signify  a  pipe  either  cast 
or  wrought,  that  is  equipped  with  one  or  more  branches.  Such  pipes  are 
used  so  frequently  that  they  have  acquired  common  names  such  as  tees, 
crosses,  side  or  back  outlet  elbows,  manifolds,  double  branch  elbows,  etc. 
The  term  branch  pipe  is  generally  restricted  to  such  as  do  not  conform  to 
usual  dimensions. 

Branch  tee.  (header). — ^A  tee  having  many  side  branches.  (See  mani- 
fold.) 

Bull  head  tee. — ^A  tee,  the  branch  of  which  is  larger  than  the  run. 

• 

Bushing. — ^A  pipe  fitting  for  the  purpose  of  connecting  a  pipe  with  a 
fitting  of  larger  size,  being  a  hollow  plug  with  internal  and  external  threads 
to  suit  the  different  diameters. 

Card  weight  pipe. — ^A  term  used  to  designate  standard  or  full  weight 
pipe,  which  is  the  Briggs'  standard  thickness  of  pipe. 

Close  nipple. — One  of  the  length  of  which  is  about  twice  the  length  of  a 
standard  pipe  thread  and  is  without  any  shoulder. 

Coupling. — ^A  threaded  sleeve  used  to  connect  two  pipes.  Commercial 
couplings  are  threaded  to  suit  the  exterior  thread  of  the  pipe.  The  term 
coupling  is  occasionally  used  to  mean  any  jointing  device  and  may  be 
*^pplied  to  either  straight  or  reducing  sizes. 
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Cro88. — ^A  pipe  fitting  with  four  branches  arranged  in  pairs,  each  pair  on 
one  axis,  and  the  axis  at  right  angles.  When  the  outlets  are  otnerwise 
arranged  the  fittings  are  branch  pipes  or  specials. 

Cross  over. — ^A  fitting  with  a  double  offset,  or  shaped  like  the  letter  U 
wil^  the  ends  turned  out.  It  is  only  made  in  small  sizes  and  used  to  pass 
the  flow  of  one  pipe  past  another  when  the  pipes  are  in  the  same  plane. 

Cross  over  tee. — ^A  fitting  made  along  the  lines  similar  to  cross  over, 
but  having  at  one  end  two  openings  in  a  tee  head  the  plane  of  which  is  at 
right  angles  to  the  plane  of  the  cross  over  bend. 

Cross  valve. — 1.  A  valve  fitted  on  a  transverse  pipe  so  as  to  open  com- 
munication at  will  between  two  parallel  lines  of  piping.  Much  used  in  con- 
nection with  oil  and  water  arrangements,  especially  on  ship  board.  2. 
Usually  considered  as  an  angle  valve  with  a  back  outlet  in  the  same  plane 
as  the  other  two  openings. 

Crotch. — ^A  fitting  that  has  a  general  shape  of  the  letter  Y.  Caution 
should  be  exercised  not  to  confuse  the  crotch  and  wye  ('Y). 

Double  branch  elbow. — ^A  fitting  that,  in  a  manner,  looks  like  a  tee, 
or  as  if  two  elbows  had  been  shaved  and  then  placed  together,  forming  a 
shape  something  like  the  letter  Y  or  a  crotch. 

Double  sweep  tee. — ^A  tee  made  with  easy  curves  between  body  and 
branch,  that  is,  the  center  of  the  curve  between  run  and  branch  lies  out- 
side the  body. 

Drop  elbow. — ^A  small  sized  ell  that  is  frequently  used  where  gas  is  put 
into  a  building.  These  fittings  have  wings  cast  on  each  side.  The  wings 
have  small  coimtersunk  holes  so  that  they  may  be  fastened  by  wood  screws 
to  a  ceiling  or  wall  or  framing  timbers. 

Drop  fee— One  having  the  same  peculiar  wings  as  the  drop  elbow. 

Dry  Joint. — One  made  without  gasket  or  packing  or  smear  of  any  kind, 
as  a  ground  joint. 

Elbow  (ell). — ^A  fitting  that  makes  an  angle  between  adjacent  pipes. 
The  angle  is  al wa3rs  90  degrees ,  unless  another  angle  is  stated .  (See  Branch , 
Service  and  Union  £U.) 

.  Extra  heavy. — ^When  applied  to  pipe,  means  pipe  thicker  than  standard 
pipe;  when  applied  to  valves  and  fittings,  indicates  goods  suitable  for  a 
working  pressure  of  250  potmds  per  square  inch. 

Header. — ^A  large  pipe  into  which  one  set  of  boilers  is  connected  by 
suitable  nozzles  or  tees,  or  similar  large  pipes  from  which  a  number  of 
smaller  ones  lead  to  consuming  points.  Headers  are  often  used  for  other 
purposes — ^for  heaters  or  in  refrigeration  work.  Headers  are  essentially 
branch  pipes  with  many  outlets,  which  are  usually  parallel.  Largely 
\3S^  for  tubes  of  water  tube  boilers. 
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Hydrostatic  joint, — ^Used  in  large  water  mains,  in  which  sheet  lead  is 
forced  tightly  into  the  bell  of  a  pipe  by  means  of  the  hydrostatic  pressure 
of  a  liquid. 

Lead  joint. — 1.  Generally  used  to  signify  the  connection  between  pipes 
which  is  made  by  pouring  molten  lead  into  the  annular  space  between  a  bell 
and  spigot,  and  then  making  the  lead  tight  by  calking.  2.  Rarely  used  to 
mean  the  joint  made  by  pressing  the  lead  between  adjacent  pieces,  as  when 
a  lead  gasket  is  used  between  flanges. 

Lead  wool. — ^A  material  used  in  place  of  molten  lead  for  making  pipe 
joints.  It  is  lead  fiber,  about  as  coarse  as  fine  excelsior,  and  when  made  in  a 
strand,  it  can  be  calked  into  the  joints,  making  them  very  solid. 

Line  pipe. — Special  brand  of  pipe  that  employs  recessed  and  taper 
thread  couplings,  and  usually  greater  length  of  thread  than  Briggs*  stand- 
ard.   The  pipe  is  also  subjected  to  higher  test. 

Lip  union. — 1.  A  special  form  of  union  characterized  by  the  lip  that 
prevents  the  gasket  being  squeezed  into  the  pipe  so  as  to  obstruct  the  flow. 
2.  A  ring  union,  unless  flange  is  specified. 

Manifold. — 1.  A  fitting  with  numerous  branches  used  to  convey  fluids 
between  a  large  pipe  and  several  smaller  pipes.  (See  Branch  Tee.)  2.  A 
header  for  a  coil. 

Matheson  joint. — ^A  wrought  pipe  joint  made  by  enlarging  one  end  of 
the  pipe  to  form  a  suitable  lead  recess,  similar  to  the  beU  of  a  cast  iron 
pipe,  and  which  receives  the  male  or  spigot  end  of  the  next  length. 

Practically  the  same  style  of  a  joint  as  used  for  cast  iron  pipe. 

Medium  pressure. — ^When  applied  to  valves  and  fittings,  means  suitable 
for  a  working  pressure  of  from  125  to  175  pounds  per  square  inch. 

Needle  valve. — ^A  valve  provided  with  a  long  tapering  point  in  place  of 
the  ordinary  valve  disc.  The  tapering  point  permits  fine  graduation  of  the 
opening.    At  times  called  a  needle  point  valve. 

Nipple. — 1.  A  tubular  pipe  fitting  usually  threaded  on  both  ends  and 
under  12  inches  in  length.  Pipe  over  12  inches  is  regarded  as  cut  pipe. 
(See  Close,  Short,  Shoulder  and  Space  Nipple.) 

Reducer. — 1.  A  fitting  having  a  larger  size  at  one  end  than  at  the  other. 
Some  have  tried  to  establish  the  term  "increaser" — ^thinking  of  direction 
of  flow — ^but  this  has  been  due  to  misimderstanding  of  the  trade  custom 
of  always  giving  the  largest  size  of  run  of  a  fitting  first;  hence,  all  fittings 
having  more  than  one  size  are  reducers.  They  are  always  threaded  inside 
unless  specified  flanged  or  for  some  special  joint.  2.  Threaded  type,  made 
with  abrupt  reduction.  3.  Flanged  pattern  with  taper  body.  4.  Flanged 
eccentric  pattern  with  taper  body,  but  flanges  at  90  degrees  to  one  side  of 
)ody.    5.  Misapplied  at  times,  to  a  reducing  coupling. 
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Run, — 1.  A  length  of  pipe  that  is  made  of  more  than  one  piece  of  pipe. 
2.  The  portion  of  any  fittmg  having  its  ends  "in  line"  or  nearly  so,  in 
contradistinction  to  the  branch  or  side  opening,  as  of  a  tee.  The  two 
main  openings  of  an  ell  also  indicate  its  nm,  and  where  there  is  a  third 
opening  on  an  ell,  the  fitting  is  a  "side  outlet"  or  "back  outlet"  elbow, 
except  that  when  all  three  openings  are  in  one  plane  and  the  back  outlet  is 
in  line  with  one  of  the  nm  openings,  the  fitting  is  a  "heel  outlet  elbow"  or  a 
"single  sweep  tee"  or  sometmies  a  "branch  tee." 

Rust  joint. — ^Employed  to  secure  rigid  connection.  The  joint  is  made 
by  packing  the  intervening  space  tightly  with  a  stiff  paste  which  oxidizes 
the  iron,  the  whole  rusting  together  ana  hardening  into  a  solid  mass.  It 
generally  cannot  be  separated  except  by  destroying  some  of  the  pieces. 
One  recipe  is  80  pounds  cast  iron  borings  or  filings,  1  pound  sal-ammoniac, 
2  pounds  flowers  of  sulphur,  mixed  to  a  paste  with  water. 

Service  elL — ^An  elbow  having  an  outside  thread  on  one  end.  Also 
known  as  a  street  elL 

Service  pipe. — ^A  pipe  connecting  mains  with  a  dwelling. 

Service  tee. — A  tee  having  inside  thread  on  one  end  and  on  branch,  but 
outside  thread  on  the  other  end  of  run.    Also  known  as  street  tee. 

Short  nipple* — One  whose  length  is  a  little  greater  than  that  of  two 
threaded  lengths  or  somewhat  longer  than  a  close  nipple.  It  always  has 
some  unthreaded  portion  between  the  two  threads. 

Shoulder  nipple. — ^A  nipple  any  length,  which  has  a  portion  of  pipe 
between  two  oipe  threads.  As  generally  used,  however,  it  is  a  nipple  about 
halfway  between  the  length  of  a  close  nipple  and  a  short  nipple. 

Space  nipple. — ^A  nipple  with  a  portion  of  pipe  or  shoulder  between  the 
two  threads.    It  may  be  of  any  length  long  enough  to  allow  a  shoulder. 

Standard  pressure. — ^A  term  applied  to  valves  and  fittings  suitable 
for  a  working  steam  pressure  of  125  pounds  per  square  inch. 

Street  elbow. — ^An  elbow  having  an  outside  thread  on  one  end;  also 
called  service  ell. 

Tee. — ^A  fitting,  either  cast  or  wrought,  that  has  one  side  outlet  at  right 
angles  to  the  nm.  A  single  outlet  branch  pipe.  (See  Branch,  Bull  Head, 
Cross  over.  Double  Sweep,  Drop,  Service  and  Union  Tee.) 

Union. — 1.  The  usual  trade  term  for  a  device  used  to  connect  pipes.  It 
commonly  consists  of  three  pieces  which  are  first,  the  thread  end  fitted 
with  exterior  and  interior  threads;  second,  the  bottom  end  fitted  with 
interior  threads  and  a  smaller  exterior  shoulder;  and  third,  the  ring  which 
has  made  an  inside  flange  at  one  end  while  the  other  end  has  an  inside  thread 
like  that  on  the  exterior  of  the  thread  end.  A  gasket  is  placed  betwe^' 
the  thread  and  bottom  ends,  which  are  drawn  together  by  the  ring.    Unic 
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rnion  ««.— An  eU  with  a  male  or  fetaale  union  at  one  end. 
Union  Atting.—An  elbow  or  tee  combined  with  a  union 

at  ^^  '**'~^  *^  ^^  "^^  °'  *^'«  "«i°°  at  connection  on  one   end 
the^^df SeJ^f  affe'sTpii^  I^1t^n."l^^f  S^-^f  ^^'"^  ^- 

angle  is  specified.    Thf  fitting  indSi  by  ?h^IettiT^'  "^^  ^^^^^'^ 

Cast  Iron  Fittings.-Standard  beaded  or  flat  band  fittings 
of  cast  iron  are  suitable  for  125  lbs.  steam  or  175  lbs  water 
pressure.  These  fittings  wiU  require  from  1,000  to  2  500  lbs 
to  burst  them,  the  large  factor  of  safety  is  necessary  in  their  use 
because  of  the  strain  due  to  expansion,  contraction,  weight  of 
pipmg,  setthng  and  water  hammer,  and  quaUty  of  the  work  of 
erecting,  together  with  the  possibility  that  they  will  not  run 
uniform  For  steam  pressures  above  125  lbs.  extra  heavy 
nttmgs  should  be  used.  "^ 

Malleable  Iron  Fittings.— Standard  beaded  or  flat  band 
fittmgs  of  maUeable  iron  are  intended  for  steam  pressures  up  to 
150  lbs.  Such  fittings  have  at  various  times  been  subjected 
to  hydraulic  pressures  of  from  2,000  to  4,000  lbs.  without 
burstmg  them.  It  would  accordingly  seem  that  they  would  be 
safe  for  250  lbs.  steam  pressure. 

If  proper  care  be  exercised  in  fitting  and  using  them  they  will 
undoubtedly  be  found  satisfactory  for  pressures  up  to  500 
lbs.,  but  as  all  fittings  are  subjected  to  strain  due  to  expan- 
sion, contraction,  and  making  up  the  joints,  they  are  not  recom- 

nded  for  pressures  over    160  lbs.     In   fact,   since  extra 
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heavy  fittings  cost  only  a  little  more,  it  is  in  general  also  economy 
to  use  standard  fittings  for  pressures  above  150  lbs. 

Standard  plain  pattern  malleable  fittings  are  used  for  low 
pressure  gas  and  water,  house  plumbing  and  railing  work. 

Brass  Fittings. — ^These  are  made  in  both  standard,  extra 
heavy,  and  cast  iron  patterns  (iron  pipe  sizes),  and  are  used  for 
brass  feed  water  pipes  where  bad  water  makes  steel  pipes  unde- 
sirable. The  standard  brass  fittings  are  usually  made  in  sizes 
J^  to  3  ins.,  suitable  for  125  lbs.  pressure;  extra  heavy  fittings, 
1/^  to  6  inches,  suitable  for  150  lbs.  pressure;  cast  iron  patterns 
in  all  sizes,  suitable  for  250  lbs. 

Semi-Steel  Fittings. — Extra  heavy  semi-steel  flanged  fittings 
as  listed  by  Kelly  Jones  can  be  had  in  stock  sizes  from  13^  to 
8  ins.,  tested  to  2,000  lbs.  hydratdic  pressure  and  are  recom- 
mended for  800  lbs.  pressure.  These  fittings  are  regularly 
ftimished  with  male  face  unless  otherwise  ordered. 

Cast  Steel  Fittings. — ^These  are  made  extra  heavy  with 
screwed  or  flanged  ends.  The  screwed  fittings  are  listed  in 
sizes  from  3  to  6'  ins.  The  3  to  4J^  in.  sizes  inclusive  are 
tested  for  1,500  lbs.  hydrostatic  pressure,  and  the  5  and  6  in. 
sizes,  for  1,200  lbs.  pressure. 

The  radii  of  these  fittings  are  larger  than  the  ordinary,  thereby  reducing 
friction.  They  are  suitable  for  the  working  pressures  just  given  when 
used  in  hydratdic  installations  in  which  shock  is  absent  or  so  sHght  as  to 
be  negligible. 

Ordinarily  these  fittings,  when  subject  to  shock,  should  not  be  used  for 
working  pressures  higher  than  65%  of  the  hydrostatic  test  pressure,  and 
where  shock  is  severe,  50  %,  or  even  40%,  will  be  more  conservative. 
Installations  of  this  character  should  always  be  protected  by  shock 
absorbers  placed  to  the  best  advantage. 


2,836 


PIPE,  FITTINGS,  AND  PIPE  FITTING 


Forged  Steel  Fittings. — The  extra  heavy  hydraulic  forged- 
steel  screwed  fittings  are  suitable  for  superheated  steam  up'ta 
2,350  lbs.  pressure,  a  total  temperature  of  800*^  Fahr.,  also  for 
cold  water  or  oil  working  pressures  up  to  3,000  lbs.  hydro- 
static pressure. 

They  are  regularly  made  from  soUd  f orgings  in  sizes  ranging  from  }4  to 
2J^  ins.  inclusive,  and  are  tested  to  3,000  lbs.  hydraulic  pressure.  The 
double  extra  heavy  pattern  is  suitable  for  cold  water  or  oil  working  pres- 
sures up  to  6,000  lis.  hydrostatic  pressure.  They  are  regularly  made 
from  solid  forgings  in  sizes  ranging  from  %  to  2  ins.  inclusive,  and  are  tested, 
to  6,000  lbs.  hydrostatic  pressure. 


The  Various  Fittings. — There  is  a  great  multiplicity  of 
fittings  due  to  the  many  modifications  of  each  class  of  fitting,  and 
the  several  weights  and  different  metals  of  which  they  are  made. 
A  list  of  names  of  these  fittings  may  be  divided  into  several 
groups,  classified  with  respect  to  the  use  made  of  the  fittings,  as 


1    Extension  or  joining. 

a.  Nipples.         d.  Offsets. 

b.  Lock  nuts.      e.  Joints. 

c.  Couplings.     /.    Unions. 


4.  Branching. 


a.  Side  outlet  elbows. 

b.  Back  outlet  return  bends, 

c.  Tees. 

d.  Y  branches. 

e.  Crosses. 


2.  Reducing  or  enlarging. 


a.  Bushings. 

b.  Reducers. 


3.  Directional. 


a.  Offsets. 
6.  Elbows. 
c.  Return  bends. 


6.  Shut  off  or  closing. 

a.  Plugs. 

b.  Caps. 

c.  Blmd  flanges. 


6.  Union  or  **make  up. 

a.  Union  elbows. 

b.  Union  tees. 
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1.  Extension  or  Joining  Fittings 

Nipples. — The  pipe  fitter  usually  makes  any  nipples  required. 
lDut  usually  better  nipples  (especially  the  close  and  short  variety) 
•can  be  obtained  from  the  supply  house  at  less  cost. 

AMERICAN  BRIGQ8  STANDARD  FOR  TAPER  AND  STRAIGHT 
PIPE  THREADS  AND  LOCK-NUT  THREADS 

AOOI»TCO  BY  THK  COMMITTCK  OT  MANUrACTUnCRS  ON  •TANOAWOiZATtOW  Or 
riTTiNQa  AND  VAIVK*  ANOTNt  AMCRICAN  SOCICTV  OPAMCJIICAN  CNOlNCCRft 

•CrTKMBCn  IT,  ttia 


f^P^^     0l*.0f«T1W0HT 
8TRMCHTWC     IBIHIXIOCKNMT 

■  rWEAIr 


0«uaC  TO  «o  ON 
rUIOH  aV  HAND 


I    D 


Mva  OAUOC  TO  OO 
IN  UNTll.  NOTCN  lO 
PLUSH    WITH    MCC 


MNMUM  mcHOM.ormMU 

tOCK  NUT  THUUOk 


AUVOWAOtC  VARIATIONO  ARK:  OHC  TNRtAO 
LANOK  6r'«MAL1  . 


Pios.  5.03d  to  5,037a. — American  Briggs  standard  pipe  thread,  and  ring  and  plug  gauges. 
The  thread  x>roportions  are  given  in  the  formule  and  table  below. 


A  eqtialf  GMOlOSO-H.«x£+-^ 


F  equAto  Amerieaa  hryggt  Stondwd. 
N  equAls  Number  of  tarmiM  par  Incb. 
. .  Toul  Taper  H  Incli  PW  Aiot. 

E  equate  ©.80-M.DXj5f+^  Depth  of  Tkread  —• 


,jj.   ^  D  equate  B+(^X.0O5) 

3  equate  A-MFX-OUQ 
•C  equate  B+(~X.OCu) 

AMERICAN  BRIGGS  STANDARD  PIPE  THREADS 


A 

B 

O 

D 

E 

F 

O 

Depth  or 
Tbraad 

TkiMda 
par  Inch 

.»»M 

.38400 

38633 

2638 

.180 

.405 

.02962 

'       17 

, 

.47739 

.50378 

50726 

.4018 

.200 

.540 

18 

■ 

.91201 

.62701 

.64090 

.64437 

.4078 

.140 

.678 

.04444 

11 

I 

.75843 

.77843 

.79628 

.80075 

.5337 

.320 

.840 

.05714 

1< 

.96768 

.98886 

1.00671 

I  01118 

.5457 

.330 

3.060 

.05714 

14 

1 

1.21363 

1  23863 

1.36036 

1  96580 

.6828 

.400 

1.718 

.06956 

11 « 

>H 

1.A718 

1.58338 

1.60611 

1  61055 

.7068 

.420 

1.660 

.06956 

11' 

IH 

1.79609 

1.82234 

1.84407 

1.84951 

.7235 

.420 

1.900 

.06950 

11 

s 

2.26902 

2.29627 

2.31801 

2  32344 

.7565 

.436 

8.375 

.06056 

11 

m 

2.719S4 

2.76216 

2.79341 

2.80122 

1.1375 

.682 

8.875 

.100 

8 

% 

8.84063 

8.38880 

3.41978 

3.42756 

1.3000 

.766 

3.500 

.100 

8 

V/i 

s.n7so 

3.88881 

3.92006 

8.92787 

1.2S00 

.821 

4.000 

.100. 

1 

4 

4.3^438 

4.36713 

4.41838 
4.9i;P8 

4.42610 

1.3000 

.844 

4.500 

.100 

% 

4H 

4.83125 

4.88593 

4  92499 

1  3500 

.875 

5.000 

:i!S- 

8 

• 

6.89074 

5.44930 

5.48055 

5.48836 

1  4063 

.937 

5.563 

8 

ff 

6.44610 

6.50597 

6.53722 

6.54503 
7.54141 

1.5125 

.958 

6.625 

.100 

8 

r 

7.43985 

7.50235 

7.53360 

1.6125 

1.000 

7.628 

.100 

8 

8 

8.43360 
9.427U 

8.50003 

8.53128 

8  53909 
9.537^ 

1.7125 

1.063 

8.625 

.100 

8 

9 

9.49797 

9.52922 

1  8125 

1.130 

9.625 

.100 

8 

10 

10.54532 

10.62094 

10  65219 

10  66000 

1  9250 

1.21- 

10.750 

.100 

8 

11 

11.53907 

11.61938 

11.65063 

11  65844 

2.0250 

1.285 

11.750 

.100 

8 

12 

12.53083 

12.61782 

12.64907 

12  65688 

2.K50 

1.360 

12.750 

.100 

8 

140  D. 

13.n50 

13.87262 

13.90387 

13  91468 

2.250 
2.350 

1.563 

14.00 

.too 

8 

UO.D. 

14.76878 

14.87418 

14.90643 

14.91324 

1.68r 

16.00 

.100 

8 

leaD. 

15.76850 

15.87576 

15.90700 

15  91481 

2.450 

1.813 

16.00 

.100 

} 

17  0.D. 

16.7M86 

16.87S0O 

16.90625 

16  91406 

2550 

1.900 

17.00 

.100 

18-0.  D. 

17.7800 

17.87500 

17.90625 

17  91406 

2650 

2.000 

18.00 

.100 

8 

S0O.D. 

19.78780 

19.87^1 

19.90156 

19  90937 

2850 

2.125 

20.00 

.100 

8 

Sl^»* 

21.72800 

81.86581 

21.89687 

21  90468 

3060 

2.250 

22.00 

.100 

8 

t4< 

).D. 

ss.Tnso 

23.86008 

23.89218 

23  89999 

3  250 

2.375 

24.00 

.100 

8 
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No  pipe  fitter  deserving  to  be  called  such  wiU  attempt  la  cut  nipples  without 
a  proper  ntpple  holder,  such  as  shown  in  fig,  5,044,  although  some  plumbere 
and  others  are  often  guilty  of  such  practice  when  working  by  the  day 
instead  of  by  the  job. 

Nipples  ais  short  pieces  of  pipe  (12"  and  under) ,  threaded  at  bath  ends. 

Where  fittings  or  valves  are  to  be  very  close  to  each  other,  the  intervening 
nipple  is  just  long  enough  to  take  the  threads  at  each  end,  being  called  a 
cJoae  nipple,  as  in  fig.  5,038,  but  if  a  small  amount  of  pipe  intervene 
between  the  threads  it  is  called  a  shoulder  or  short  nipple,  as  m  fig.  5,039; 
where  a  larger  amount  of  bare  pipe  intervenes  it  is  called  a  long  nipple, 
as  in  fig.  5,040,  or  extra  long  nipple.  The  following  table  gives  the  stan- 
dard proportion  of  wrought  nipples: 


Standard  Wrought  Nipples 
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NipDles  having  a  rUlht  thread  at  one  end  and  a  left  thread  at  the  other 
are  generally  used  in  steam  heating  piping  instead  of  unions.  Fig.  5^041 
shows  a  R  and  L  (right  and  left  tte^d)  nipple  with  a  heitagon  nut  at  the 
center  and  forming  part  of  the  nipple. 

Another  variety  is  the  long  acrew  nipple  shown  in  fig.  5,042.  This 
has  a  long  thread  on  one  end  on  which  is  a  coupling  and  locknut,  the  jamb 
Burface  en  the  coupling  and  lock  nut  being  faced;  the  combination  forms 
virtually  a  union  with  male  and  female  ends. 


PiG.S.I)U. — Afmstms  nipple  bolder  tor  use  with  hand  stock  and  dies.  Aa  shown  the  holder 
isdouUa  ended  andlalds  two  sizes  of  nipples,  the  one  iilustnited  being  for  H  and  H  inch 
lups^m-  in  conttTMKtUtn,  there  ia  &  pin  inside  the  holder  having  a  Suted  end  which  "du|B 
into"  the  nipfte  end  when  pressed  forward  by  driving  down  the  wedge.  In  operation  the 
nlppte  1b  wnwed  fa)>  hand  into  the  holder  aa  far  as  it  will  go.  then  the  wedge  is  driven  down 
■umcieiitlsr  to  finnly  secure  the  nipple.  The  holder  is  ed  arranged  that  when  the  thread  ii 
cnt.  the  nimle  can  be  removed  by  aimply  startjne  back  the  wedge,  which  loosens  the  inneT 
Vart  of  the  holder  end  allows  the  nipple  to  be  easily  unscrewed  by  hand.  The  baUsr  can  be 
nsed  for  maldsg  cdther  right  or  right  and  left  nipples. 
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Fta.  5,043  shows  a  tank  nipple.  It  has  at  one  end  an  American  Bri^s, 
standard  lock  nut  thread  4  ins.  long,  and  at  the  other,  a  standard  pipe 
thread.    A  heavy  lock  nut  is  used  on  the  long  thread  end. 

Lock  Nuts* — These  are  made  with  faced  end  for  use  on  long 
screw  nippies  having  couphngs,  and  with  a  recessed  or  grooved 
end  to  hold  packing  where  this  is  depended  upon  to  make  a 
tight  joint. 


6,0*6.— Lock  nut  at 


Couplings. — The  ordinary  coupling  usually  comes  with  the 
pipe,  one  coupling  to  each  length  of  pipe,  and  is  therefore  classed 
by  some  as  a  part  of  the  pipe  rather  than  a  fitting.  These  are 
made  of  wrought  or  cast  metal  and  of  brass;  they  are  regularly 


H,017.'^Jiircclci  nipple  holder  for  thrcAdins  c]< 
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threaded  right  hand,  but  can  be  obtained  with  R  and  L  thread. 
R  and  L  couplings  have  projecting  bars  or  rings  to  distinguish 
them  from  couplings  with  right  thread  only.  Figs,  5,048  to  5,051 
show  four  kinds  of  couplings.  Another  form  called  an  extension 
piece  is  shown  in  fig.  5,052;  it  differs  from  the  standard  coupling 
in  that  it  has  a  male  thread  at  one  end.  There  are  numerous 
other  types,  some  being  known  as  reducers  and  others  as  joints. 

Joints. — There  are  on  the  market  a  number  of  special  coup- 
lings or  joints  such  as   ammonia,  Armstrong,  bull,    bell  and 


plings.    Fig.  6,048,  staQd 


iDBlleable  n  and.  L  (right  and  ] eft f  coupling;  dg.  fi.OSO.  hydraulic  coupling 
coupling.  Kotice  length  of  hydraulic  and  ^e«ve  coupling  as  compared  to  tl 
L.    Infig.  6,0(11  the  prpiecUngBlcevE  is  seen  which  CDVEntneeippsedtl 


to  the  fitandard  R  and 

—  ..„.  -, —  . —  , .„ — V —  ,~, — kl  threadi  beyond  the 

joint;  fig.  6,052,  entcuioa  piece  or  coupling  with  male  and  female  thnadi. 

spigot,  block,  bumped,  butted  and  strapped,  Converse,  lock, 
corrugated,  crossed  artesian,  cup,  cup  and  ball,  dresser,  drive 
pipe,  dry,  Eckert,  expanded,  expansion,  Field,  flanged,  flexible, 
flush,  ground,  hydrostatic,  inserted,  Kimberly,  knock  off,  lead, 
lead  and  rubber,  line  pipe,  Matheson,  National,  Normandy, 
peeved  flanged,  Perkins,  Petit's  Pope,  pressure,  Riedler,  rust, 
shrink,  Siemens,  slip,  socket,  spigot,  swing,  swivel,  thinible. 
Van  Stone,  Walker,  welded  flange  and  wiped  joint. 
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Dimensions  of  Standard  Flanges 

American  Standard  for  125  lbs.  Working  Pressure 
In  effect  January  1st,  1915 


r-  WT  cweit 


-^.  .;♦.., 


D 


v:^?r. 


Pigs.  6,053  to  6,056.— Jarecld  cast  iron  standard  flanges.     Fig.  5,053.  common;  fig.  5,054, 
eccentric;  fig.  5,055,  solid  10  in.  o.d.  and  smaller;  fig.  5,056,  solid  19  m.  o,d,  and  smaller. 
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I* 

1    s4V{ 

15 

ny^ 

I'i 

3A 

30 

16 

1    i4^ 

10 

•iV/t 

1;^ 

«A 

2V4 

IG 

1    I4H 

18 

2i 

•  A 

3A 

2Vi 

18 

IK«4>S 

20 

•*VA 

IH 

«Ji 

23 

30 

lHs5 

Z2 

M'/: 

IH 

»Ji 

27  y^ 

20 

IHx84 

34 

33 

IX 

2Vi 

39^i 

30 

I^i9}i 

Bolt  boles  are  drilled  ^iach  larger  thtn  nominal  di«  meter  01  bolts 
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Dimensions  of  Extra  Heavy  Flanges 

American  Standard  for  250  lbs.  Working  Pressure 
In  effect  January  1st,  1915 


A 


■^'^■^^^ 


Figs.  5,057  to  5,050. — Jaredd  cast  iron  extra  heavy  flanges.    A,  aolid  16  ia.  and  smaller, 
plain  face;  B,  solid  18  in.  and  larger;  C,  eccentric  plain  face. 


PIPB8IZB. 
laches. 

Diameter  of 
Plenget. 

Thickaest  of 
Flengee. 

Bolt 
Circle. 

Htunber  of 
Bolts. 

Sbeof 
Bolts. 

Lencfheff 
Bolts. 

1 

4« 

H 

3K 

4 

H 

8 

IK 

5 

^ 

3H 

4 

H 

8K 

IH 

6 

H 

4Vi 

1 

4 

H 

8K 

9 

6H 

H 

6 

4 

H 

8K 

«H' 

7H 

1 

ffW 

4 

K 

3 

« 

8K 

iH 

6H 

8 

H 

3 

8H 

0 

IA 

7H 

8 

H 

8K 

4 

10 

IK 

7H 

8 

H 

3K 

4H 

lOH 

IA 

8Vi 

8 

H 

3K 

5 

11 

IH 

9K 

8 

H 

3H 

6 

18)4 

lA 

lOH 

18 

H 

3K 

7 

14 

IH 

ilH 

18 

H 

4 

8  . 

Iff 

IH 

13 

18 

H 

4K 

• 

16K 

tH 

14 

18 

1 

4H 

10 

17H 

IH 

I5K 

16 

1 

4K 

19 

80H 

8 

17K 

16 

VA 

ff 

14  ' 

83 

8K 

80W 

80 

IK 

ffK 

Iff 

84H 

«A 

8IH 

80 

IK 

ffK 

16 

8ffH 

8K 

28H 

80 

IK 

ffK 

18 

88 

8H 

2AH 

34 

IK 

6 

80 

30H 

8H 

27 

24 

I?i 

6K 

88 

38 

2H 

'    89K 

84 

IK 

6K 

84 

36 

8K 

38 

84 

IK 

7 

Bolt  holeff  aro  drilled  H-inch  larger  than  nominal  diameter  of  boltts 
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The  most  important  of  these  ale  the  sorew  or  threaded  joint  {already 
described),  and  the  flanged  joint.  Pigs.  5,063  to  6,068  show  various 
screwed  joints.  The  accompanying  taUes  give  Himnngrmg  necessary  for 
drilUng  templates  of  flanged  valves,  flanged  fittings  and  flanges  for  standaid 
and  extra  heavy  pressures. 

Figs.  S,06O  to  6,062  show  three  kinds  of  flanges:  plain,  recessed  and 
tongue  and  groove.  The  latter  is  intended  for  a  caulking  ring  of  soft  metal 
to  be  placed  if  the  groove. 

Unions.— The  definition  (page  2,833)  plainly  describes  the 
construction  of  an  ordinaiy  tmioa.    Hiere  aie  various  kinds  o£ 


pipejonti  Bs-  5fi65,  casiag  joi 
Qg.  5,IM8»  flusb  joint  tubing. 

unions.  TTie  plain  union,  as  shown  in  6gs.  5,069  to  5,072, 
requires  a  gasket  and  incidentally  the  two  pipes  to  be  joined  by 
the  union  must  be  in  pretty  good  alignment  to  secure  a  tight 
joint,  because  of  the  flat  surfaces  which  must  press  against  the 
gasket .    This  limitation  is  shown  in  figs.  5,073  and  5,074. 

To  avoid  this  difficulty  and  also  the  inconvenience  of  the  gasket,  various 
unions  have  been  devised,  having  spherical  seats  and  ground  joints.  The 
latter,  in  some,  consists  cu  a  composition  ring  bearing  against  iron,  and  ir 
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THREADED  END 

In  attembllng  the  gasket  G.  is  placed  over  the  pro- 

1^  in  centsct  vTth  Eurface  L.    The  ring  is  slipped  over 

nd  placed  in  position  so  that  the  flat  end  surface  P. 

Ing  is  serened  Rrmly  into  the  threaded  end.    Since 

bade  off  the  ring,  the  two  ends  are  pressed  finnly 


eOOD  ALIGNMENT 

Figs.  5.073  and  5,074. — Limitation  of  the  ordinary  (lasket  unicn.  The  aligitmrnl  tnusl  bi  ci»tf 
end  firmlj'  pressed  together  against  the  ga^t  by  the  ring,  the  gasket  will  bear  evenly  over 
ithen  the  ring  is  screwed  tight  it  will  bring  great  pressure  on  the  gasket  at  M,  whereas  the 
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others  both  contact  surfaces  a 

stnictton'of  the  first  jnenttmie  .  _  „     ,  «    - 

spherical  ground  joint.    The  joint  of  the  union  in  fig.  5,076  has  spherical 

■contact  and.  the  iUuatration  shows  the  tight  joint  secured  by  the  form  of  a 

contact,  even  though  the  pipes  be  out  of  line.  Unions  are  also  made  entirely 

of  brass  with  ground  joints. 


— J«ffenon  flan^,  brara  toiroa. 

of  tbe  spherical  aroimd  seat  in 
Btight  iibtoithiiipaoutoe 
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2.  Reducing  or  Enlarging 

Fittings 

Bushhigs. — ^These  fittings  are  often  confused  with  reducers. 
The  function  6f  a  bushing  is  to  connect  the  male  end  of  a  pipe  to  a 
fiMng  of  larger  size.  It  consists  of  a  hollow  plug  with  male  and 
female  threads  to  suit  the  different  diameters. 

A  bushing  may  be  regarded  as  either  a  reducing  or  an  enlarging 
fitting. 

As  generally  manufactured,  bushings  2j^  inches  and  smaller  reducing 
one  size  are  malleable  iron;  reducing  two  or  more  sizes  are  cast  iron,  ali 
above  2^  inches  are  cast  iron  except  brass  bushings,  which  may  be  obtained 
in  sizes  from  }^  to  4  inches. 


Pigs.  6,078  to  5,082. — Various  Jarecki  bushings.  Pig.  5,078,  plain  heavy  nut  bushing  redudnj^ 
one  size;  fig.  5,070,  plain  hexagon  nut  bushing,  reducing  more  than  one  size;  ng.  5,080, 
faced  bushing,  fig.  5,081,  eccentric  bushing,  reducing  two  or  more  sizes;  fig.  5,083,  ofibet 
bushing. 

Bushings  are  listed  by  the  pipe  size  of  the  male  thready  thus  a  "  J^  bush- 
ing" joins  a  Ji  fitting  to  a  J^  pipe.  It  is  better,  however,  in  ordering,  to 
avoid  mistakes  to  specify  both  threads,  calling  for  instance,  the  bu^ung 
just  mentioned  a  J^  X  H  bushing. 

The  regular  pattern  bushing  has  a  hexagon  nut  at  the  female  end  for 
screwing  the  bushing  into  the  fitting. 

For  very  close  work,  the  Jaced  bushing  is  used,  having  in  place  of  the 
hexagon  nut  a  faced  end.  This  may  be  used  witn  a  long  screw  pipe  and 
faced  lock  nut  to  form  a  tight  joint  or  to  receive  a  male  end  fittine  for  dose 
work.    Figs.  5,079  and  5,080  show  the  plain  and  faced  types  of  bushing. 

A  form  valuable  where  drainage  of  the  pipe  line  is  desired,  is  the  eccentric 
bushing  shown  in  fig.  5,081.  Another  form  is  the  offset  bushing  shown  io 
fig.  5,082. 
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Reducers. — The  term  reducer  originated  from  the  trade 
custom  of  always  giving  the  larger  size  of  a.  run  of  a  fitting  first, 
and  as  applied ,  it  means  a  reducing  or  enlai^ng  coupling  having 
female  threads  at  botli  ends,  es  distinguished  from  a  bushing 
which  has  both  male  and  female  threads. 

Pigs.  6,083  to  5,085  show  various  types  of  reducer.  These  are 
to  be  had  in  a  great  variety  of  stock  sizes. 


ftcs.  J1.0S3  to  5,08S.— Varioua  M,  I,  P.  redocera.    Pig.  5 
pKBun    Ec.  o.OM,  fl«t  b»ad  or  nrnforced  reducar  f or  M 


PlG.,E.OSe. — Juecld  Btasdaid  cut  Iioa  offut.    Regukr  siieg  Uta  6  loclvs,  to  offset,  t 


3.  Directional  Fittings 

Offsets. — In  piping  sometimes  part  of  the  pipe  line  must  be 
in  a  position  parallel  to,  but  not  in  alignment  with  the  balance 
of  the  pipe.  An  experienced  pipe  fitter  can  offset  the  line  by 
bending  the  pipe,  but  ordinarily  where  the  offset  or  distance 
between  the  two  pipe  axes  is  of  standard  dimension,  a  fitting 

a  and  rtducerE,  there  are  othsr  reducen  or  enlarEuw  fil- 
illed)  elc.wliiciiaie  later  described. 
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called  an  offset,  as  shown  in  fig.  5,086,  can  be  more  conveniently 


Elbows. — Where  it  is  necessary  to  change  the  direction  of  a 
pipe  line  in  any  of  several  standard  and  special  angles,  elbows  are 
used.  For  gas,  water  and  steam  the  standard  angles  are  45"  and 
W  and  the  special  angles  are  22^^"  and  60°. 


4. 


FlGS.5.087and£ 

%.  5^.  standard  for  dTsinKge  fittings,  rur  • 
60^,  although  they  can  be  reEularly  obtained  froj 
nhetfl  possible. 


Cast  iron  drainage  fitting  elbows  are  regularly  made  with 
angles  of  5^°,  11M°.  22i^°,  45°,  60=,  90°. 

Elbow  angles  tneasure  the  degree  that  the  direction  is  changed,  as  shown 
in  figs.  5,087  and  5,0S8;  these  figures  should  be  carefully  noted  to  avoid 
confusion.  The  angle  is  not  the  angle  between  the  two  arms  but  the  angft 
between  the  axis  of  one  arm  and  the  projected  axis  of  the  other  arm,  as  in 
figs.  5,087  and  5,088. 

There  is  a  large  variety  of  elbows.  Figs.  5,089  to  5,101  show  some  stand- 
ard patterns;  figs.  5,102  and  5,103,  Rand  L.andreducing  cast  iron  elbows 
"igs.  5,104  to  5.111,  various  cast  iron  drainage  elbows. 
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Return  B^lds. — These  are  largely  used  for  making  up  pipe 
oiiils  for  steam  heating  and  for  water  tube  boilers.  They  are 
U-shaped  fittings,  with  a  female  thread  at  both  ends,  and  are 
regularly  made  in  three  patterns  known  as 

1.  Close.     2.  Medium.     3.  Open. 
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Some  manufacturers  also  mate  an  extra  close,  and  extra  wide 
pattern.  These  patterns  represent  various  widths  between  the 
two  arms. 

There  seems  to  be  no  standard  as  to  the  spacing  of  the  arrns  for  the 
different  patterns,  hence  for  dose  work  the  filler  sheuid  ascerlain  the  ecnter 
lo  eetUer  dimensions  of  the  make  to  be  used  from  the  manufacturer's  catalogue. 
The  table  on  the  following  page  shows  diiaensiona  of  the  various  patterns 
as  made  by  Jarecki  Mfg.  Co,    Compare  with  Crane  dimensions  below. 

Malleable  Return  Bends 

(Dimsnsjons  u  made  hj  Cnns  Sc.  CoJ 


^■--'°^  ,L  !ii 

■SS-I 

*nJ 

aSSSwrSffaMS^ 

-a 

a.lM,l«l    .      .« 

-SjjlL 

' -I^l^l^ 

m 

1 

irllWEhortelbot 


TUnnRe  elbows.  Kb.  6,1M,  "^  bend,  or  SH"  elbow. 
■  figTB.lOe.  11iben<l.or22H°"''ortelbow;  fe.  S.IOT, 
!i  bend  or  45=  short  elbow;  fig.  5.100.  ii  elbow,  or 


^  ahoit  elbow;  fig.  fi,ll 
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(Dimenair 

Malleable  Return  Beads 

laa  as  manufactured  by  Jarecki  Mfg.  Co.) 

Extra  close 

Close 

Medium 

Open 

Wide 

Kze 

Center 
center 

Weight 
per  100 

plain 

Center 
center 

Weight 

per  100 
banded 

Center 
center 

Weight 
per  100 
banded 

Center 

to 
center 

Weight 
per  100 

Center 

center 

y 

2H 

15.5 
22 
35 
71 
100 

168 
244 

631 
880 

1,400 

2 

2H 

3 
3W 

ik 

6ji 

21 
22 
44 
83 
140 

200 
310 
550 
710 
1,050 
1,550 
1,850 

3^6 

34 
60 
92 

160 
255 
337 

1 

i« 

77 
ft2 

6 

3  i.iH, 
5,6,7,8 

"^ 

2,6,7,8 

2i4 

V 

6 

1 

l&^ 


Fics.B.II3tjS.ilB.— 
fis.  5.113do»pattei 


B.s"^,  0 
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Return  bends  smaller  than  the  ]/i  inch  size  are  difficult  to  get  as  very 
few  manufacturers  make  them,  hence  it  should  be  noted  that  the  Jax>ecki 
return  bends  are  made  in  the  Ji  and  J^  sizes  according  to  the  above  list. 

For  making  up  so  called  **coils''  of  short  lengths  of  pipe,  rettim 
bends  may  be  obtained  tapped  with  "pitch,'*  that  is,  so  the  pipes 
when  screwed  into  the  fitting  will  not  be  parallel  but  spread 


FITTING  CAN  BE  6CREWE1D  ON 


•^ITCHED  RETURN  BEND 


PITCH 
ANGLE 


CLEARANCE 
NECESSARY 
TO  SCREW 
ON  FITTING 


RETURN  BEND  WITHOUT  PITCH 


FITTING  CANNOT  BE  SCREWED  ON 


NTERFERENCE 


Pigs.  5,117  and  5^118. — Coil  being  made  up  with  short  pipe  lengths  and  with  return  bends 
havinjBf  "pitch"  and  no  pitch.  If  the  threads  be  tapped  m  the  fitting  at  a  slight  angle  so  that 
the  pipes  will  be  inclined  to  each  other  as  in  fig.  5,117,  there  will  be  room  enough  to  screw 
on  bend  A,  without  encountering  fitting  B.  //  the  bends  have  no  pitch,  as  in  fig.  5,118,  then 
in  screwing  on  bend  A,  the  other  bend  B ,  will  be  in  the  way ,  making  it  difficult  to  screw  on  A. 
Of  course  this  interference  may  be  overcome  in  special  cases  by  prying  the  pipe  ends  apart 
with  a  wedge.  The  author  made  up  a  number  of  M~inch  coils  with  2-foot  pipe  lengths  by 
this  method.  The  minimum  length  of  pipe  that  can  be  made  up  in  this  way  will,  of  course, 
depend  on  the  size,  and  is  best  determined  by  experiment.  With  ^inch  pipe,  the  2-foot 
length  is  about  as  short  as  should  be  used .  though  it  is  probably  possible  to  reduce  the  length 
to  1 H  feet. 


like  the  sides  of  the  letter  V.  Such  bends  are  usually  listed  with 
minimum  pipe  lengths  for  which  the  pitch  is  suitable.  For 
-nstance,  Crane  Co.  list  such  bends  as  follows: 
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Pitched  Return  Bends 

(Close  pattern) 

1 

1 

I 

1 

1 

IK 

IH 

i-H 

Length  of  pipe  i 

n  coU  feet.. 

3 

4 

5 

6 

8 

4 

5 

6 

4.  Branching  Fittings 

Side  Outlet  Elbows. — The  two  openings  of  an  elbow  indicate 


m  and  aetehit  per  IBO:    ii  X  Ji  XM .  —  lbs; 

WX^XM.    24    pounds;     i^XHXH.   30 

,30poundsiKxMXM.33 pounds;  IXIXN 

■"   -     mds:    1X1X1.  fi5  pcmnds;    IMXlSi 

(IMXIM.  150  pounds;  2  X2  X2.  200  pounds. 


i  tAttem  maUeabls  and  cast  iron  «lbow  with  Hite 
JiXM.— lbs;  HXfSXM.Hlbs;  HXHXH. 
,xy{xH.  30  pounds;    kxMX^.  29 poun* 


and  B,122. — JarecH  cast  ir 


back 'outlet  fig.  6,122. 


return  bends  nith  back  and  ode  outlet.    Fig.  5 


its  run,  and  when  there  is  a  third  opening,  the  axis  of  which  is 
at  90  "  to  the  plane  of  the  run,  the  fitting  is  a  side  outlet  elbow,  as 
shown  in  figs,  5,119  and  5,120.  These  fittings  are  regularly 
made  in  sizes  ranging  from  J^  to  2  ins.   inclusive,    with  all 
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outlets  of  equal  size,  and  with  side  outlet  one  and  two  sizes 
smaller  than  rim  outlets. 

In  general  it  is  not  well  to  specify  too  often  fittings  of  this  kind  which 
are  not  so  mudi  in  demand  as  the  more  usual  forms  because  they  are 
sometimes  difficult  to  get. 

Back  and  Side  Outlet  Return  Bends. — ^These  are  simply 
return  bends  provided  with  an  additional  outlet  at  the  back  or 
side  as  shown  respectively  in  figs.  5,125  and  5,126.  They  are 
regularly  made  in  sizes  ranging  from  ?4  "to  3  ins.   inclusive,   in 


Pigs.  5,123  to  6,126.-— Jarecki  cast  iron  branch  tees  or  headers. 

the  close  or  open  patterns,  tapped  right  hand  or  right  and  left, 
as  follows: 

Side  and  Back  Outlet  Return  Bends 


Size 

H 

1 

IH 

IH 

2 

2M 

3 

Center  to  center,  close 

m 

IVs 

2M 

2^ 

3 

3% 

*H 

Center  to  center,  open 

2 

2% 

3H 

3Ji 

4 

m 

6H 

Tees. — These  are  the  most  important  and  widely  used  of  the 
branching  fittings.  Tees,  like  elbows,  are  made  in  a  multiplicity 
of  size  and  pattern.  They  are  used  for  making  a  branch  at  90** 
^^  the  main  pipe,  and  always  have  the  branch  at  right  angles. 
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When  the  three  outlets  Jire  of  the  same  size,  the  fitting  is 
specifiedby  thesizeof  thepipe,  asa'J^-in.  tee;  when  the  branch 
is  of  different  size  than  the  run  outlets,  the  size  of  the  run  is 
given  first  as  a  1 X  J^  tee ;  when  all  three  outlets  are  of  different 
sizes,  they  are  all  specified,  giving  the  sizes  of  the  run  first  as  a 
IJiXlXlMtee. 


Pics.  B.127  to  B,13S.— Bemard-Gieenirood  malleable  tcea.  Pig.  5,127,  plain  tea:  fig.  5,12S, 
flat  band  tee;  fig.fi,12a,cervice  tee;  fig.  6,130.  maleoutlet  tec;  %.  S.I3l7four;wBy  orslde 
outleCteei  fig.  S.132,(eniatedKm  tee;  Eg.  5,133,ina1eandfemaIedrop  tee;  fig.  G,134,makB 
sod  tematedrDptee.long,  vithSHios.  tUnp;  tig.  G,I35,  TOund  flanss  drop  tee. 

This  method  of  specifying  tees  is  illustrated  in  figs.  5,136  to  6,138. 
It  i3  well,  however,  to  avoid  mistalres  in  ordering  tees  not  having  all  outlets 
o£  the  same  size  to  make  diagrams  with  dimensions  as  in  figs.  5,139  and 
5,140.  These  variations  give  nsotoagreatmultiplicity  of  patterns,  of  whi"*- 
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183  are  listed  in  one  catalogue  for  sizes,  ranging  from  K  t°  6  vadh.  It 
should  be  noted,  however,  that  the  number  of  patterns  usually  carried  tn 
stock  is  i-ery  small,  hence  it  is  not  advisable  in  general  to  specify  unusual 


Figs.  6.138  to  B.13S.— SyEtam  of  specifying  tesa.    Fig.  5.136,  ell  outlets  the  S; 

mvB  eize  of  pipe;    fig.  B.ia7,  branth  riifferent  size  than  lun,  specify  run  first,  thus 
Wg.  G.138.  all  outlets  diSerent  size,  specify  all  outlets,  run  first,  thus  1^  XI X1H- 


|man3-GT™i".-qod  east  iron  reducing  tees.    Pig.  B 


iron  enlratilnffot  "bull  head"  tee,  enlarging 
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Pigs.  6,127  to  5,135  show  various  tees  iUustrating  the  great 
variety  of  -Tattems  in  use. 

Y  Branches. — These  are  similar  to  a  tee,  but  have  the  side 
outlet  set  at  an  angle  of  45"  or  60"  instead  of  90".  Figs,  5,146 
to  5,149  show  four  styles  of  malleable  iron  Y  branch.  The  single 
45"  Y  branches,  straight  and  reducing,  are  regularly  made  in 
sizes  ranging  from  J^  to  4  ins.;  the  double  45"  Y  branch,  in 


FWM.  5.144  and  6,145.— Crane  cast  ii 

in  run:  fig.  S.HS.  eccentric  outl_. __ 

lodging  places  for  water,  iphich  condition  obtains  _  _.  ..  . 

When  ordering  eccentric  tws.  it  is  weU  to  guard  agabst  piistaJtes  by  •ending  a  Gkelch  Ehowioc 
ths  enct  positioK  in  which  tb^  fitting  ia  to  be  placed. 


£g.  G,I4T,  flat  band  V  bnuich;  %.  5,14S,  double  Y  bnnchi  f 

sizes  ranging  from  J^  to  2  inclusive,  and  the  double  60°  pattern 
in  the  2-in.  and  2X13^  in.  sizes- 
Crosses. — A  cross  is  simply  an  ordinary  tee  having  a  back 
outlet  opposite  the  branch  outlet .    The  axes  of  the  four  outlets 
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are  in  the  same  place  and  at  right  angles  to  each  other.    Crosses 
like  tees  are  made  in  a  miiltiplidty  of  sizes. 

Regarding  it  as  a  tee  with  a  back  outlet,  the  tee  part  is  made  in  various 
Qiniibtnaticais  of  sizes,  rimilar  to  ordinary  tees,  but  the  back  outlet  is  always 
the  sanie  axs  as  tiie  opposite  outlet,  or  side  outlet,  of  the  tee  part. 

5.  Shut  off  or  Closing  Fittings 

Plugs. — For  closing  the  end  o£  a  pipe  or  a  fitting  Ijaving  a 
female  thread,  a  plug  is  used.  Plugs  are  made  of  cast  iron, 
malleable  iron,  and  brass. 


los.B.lWiindfi.lfil.— Jareckiiiian«il>leironcrosMa.    F«.  B, 150.  plain  or  jas  piitt«n:  fig. 
5.161.  flat  band  or  Bteam  pattern,    Tlis  reinforoement  BametioieB  taitestho  foxm  o£  aband 


(0.  D.)  inclusive, 


pluES.    Figs.  G.152  to  S.IM.  hoUaw,  solid  and  anmlosunk 
plup;   Sa.  e,165 "  '" "- ■-  --■  "  -■ •■  '-^ '  =— 
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Figs.  5,152  to  5,157  show  the  patterns;  hollow,  solid,  counter  sunk,  and 


Ordinary  plugs  are  made  in  sixes  ranging  from  }^  to  12  ins.  incluave. 

Tie.  5,156  shows  a  Crane  speciar^draulic  rolled  steel  {>Iug  for  cold  water 
or  oil  worldng  pressures  up  to  6,000  lbs.,  ^zes  5i  to  2  ins.  indusive.  A 
special  form  of  plug  suitable  {or  cloang  large  openings  is  the  buU  plug 
shown  in  fig.  5,157. 

Caps. — For  closing  the  end  of  a  pipe  ot  fittit^  having  a  male 
thread,  a  cap  is  used.    These,  like  plugs,  are  made  of  cast  iron. 


Pioe.  6.158  to  6.182.— Vkioub  caps.  Pigs,  8,1H8  to  S.lfll,  U.  I.  P.  Co.  malleable  iron  caps; 
Ea.  5.158,  plain  for  gai  or  low  preseure;  Rg.  5.159,  Sat  bund  for  steun:  fig.  5, ISO,  squafv 
httid  la  m.  and  ama11«  (heiuoa  head  2  in.  and  larger);  fig.  G,IS1.  dnvs  cap;  fig.  6.1S2, 
Banoid-Ciwiwixid  cut  iron  ribbed  pattern  ckp. 

malleable  iron,  atid  brass.  Figs.  5,158  to  5,162  show  various 
cap  designs.  Plain  and  flat  band  or  beaded  caps  are  regularly 
made  in  sizes  from  J^  to  6  ins.  inclusive;  cast  iron  caps  from 
^  to  15  ins.  inclusive,  being  of  plain  pattern  2  ins.  and 
smaller,  and  of  ribbed  pattern  2}-^  ins,  and  larger. 

Blind  Flanges. — These  (sometimes  called  blank  flanges),  are 
simply  cast  iron  discs  for  closing  flanged  fittings  or  flanged  pir^ 


2.862  PIPE,  FITTINGS,  AND  PIPE  FITTING 

lines.  They  are  regularly  made  for  all  sizes  of  pipe  from  ^  in, 
up.  Figs.  5,163  and  5,164  show  standard  brass  flanges  with 
holes  drilled,  and  below  is  a  table  of  dimensions  for  standard 
and  extra  heavy  brass  flanges. 

Flanges  are  furnished  smooth  face  and  not  drilled,  imless  other- 
wise ordered. 

An  important  item  in  regard  to  flanges  is  the  drilling.  Stand- 
ard dimensions  have  been  adopted  for  the  spacing,  size  of  bolts, 
etc.,  by  the  American  Society  of  Mechanical  Engineers,  the 


Dimensions  ol  Standard  and  Extra  Heavy  Brass  Flanges 


Master  Steam  and  Hot  Water  Fitters'  Association,  and  a  com- 
mittee representing  the  manufacturers  of  pipe  fittings.  Tables 
showing  the  dimensions  adopted  for  standard  and  extra  heavy 
cast  iron  flanges  are  given  on  pages  2,842  to  2,844.  The 
above  table  gives  the  standard  for  brass. 
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6.  Union  or  Make-up  Fittings 

Union  Elbows  and  Unidn  Tees. — The  frequent  use  of 
unions  in  pipe  lines  is  desirable  for  convenience  in  case  of  repairs. 
Where  the  union  is  combined  with  a  fitting,  the  advantage  of  a 
union  is  obtained  with  only  one  threaded  joint  instead  of  two, 
as  in  the  case  of  a  separate  union.  A  disadvantage  of  union 
fittings  is  that  they  are  not  as  a  rule  so  easily  obtainable  as 


Pios.  G.ieS  to  6. IBS.— Union  dbom  and  union  t«s.  Fig.  S.165.  male  and  femaleelbon 
fig.  5.16ti  female  elbow;  lig,  S.167.  male  end  female  tee;  £g.  5,ieS,  female  tee.  MaJo  and 
female  eHiows  and  tees  are  sometimes  designated  as  male. 

ordinary  fittings.     Figs.  5,165  to  5,168  show  union  elbows  and 
union  tees  of  the  female  and  male  and  female  types. 


3.  PIPE  FITTING 

The  term  "pipe  fitting"  includes  the  operations  which  must 
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be  performed  in  installing  a  pipe  system  as  made  up  of  pipe  and 
fittings.    These  operations  consist  of: 

1.  Pipe  cutting, 

2.  Pipe  threading. 

3.  Pipe  tapping. 

4.  Pipe  bending. 

5.  Assembling. 

"Die  mechanic  who  performs  the  work  of  pipe  fitting  is  called  a  pipe  filler. 


5,180.— Ordinary  pipe  vise.  It  coruilli  of  a  plain  (bs  eHdwiiI.  or  hinged  U-shape  pLef 
ntaining  the  clamp  screw,  the  aides  ot  which  form  guides  for  the  upper  jaws.  The  uppr 
dlowei  jaws  are  provided  with  a  series  of  rectangular  tMth  as  shown.    When  the  Upiet 


and  sometimes  a  steam  fitter,  because  the  work  is  largely  connected  with 
steam,  installation.  Considerable  experience  is  necessary  to  become  a  good 
pipe  fitter,  and  there  are  a  good  many  persons  engaged  in  this  occupation 
wmo  do  not  deserve  the  title  of  steam  fitter. 

Pipe  Cutting. — ^Wrought  pipe  as  received  from  the  manufac- 
turer, comes  in  lengths  varying  from  12  to  22  feet,  and  in  "pipe 
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fitting"  it  is  frequently  necessary  to  cut  it  to  any  particular 
lengtli  that  may  be  required.  This  may  be  done  with  a  hack  saw 
or  a  pipe  cutter,  the  pipe  in  either  case  being  put  in  a  pipe  vise, 
as  shown  in  fig.  5,169. 

In  securing  the  pipe  in  the  vise,  care  should  be  taken  (especially 
when  threading)  that  the  jaws  hold  the  pipe  sufficiently  firmly  to 
prevent  slipping,  but  the  damp  screw  should  not  be  turned 
enough  to  cause  the  jaw  teeth  to  unduly  dig  into  the  pipe. 


CLEAN  CUT  BY  HACKSAW 


k^ 


METAL  UPSET 
BY  CRUSHING 
ACTION   01= 
PIPE  CUTTER  WHEEL 


PxGS.  6,170  to  6,173. — ^Appearance  of  pipe  end  when  cut  by  pipe  cutter,  and  by  hack  saw. 
When  a  pii>e  cutter  is  used  the  external  enlargement  of  the  pipe  end  must  be  removed  by  a  file » 
and  the  internal  burr  by  a  pipe  reamer,  as  shown  in  figs.  6,174  and  6,176. 

A  pipe  cutter  may  be  defined  as  an  instrument  usually  consisting  of  a 
hook  shaped  frame  on  whose  stem  a  slide  can  be  moved  by  a  screw.  On  the 
slide  and  frame  several  cutting  discs  or  "wheels"  are  mounted  and  forced 
into  the  metal  as  the  whole  appliance  is  rotated  about  the  pipe. 


The  operation  of  cutting  a  pipe  can  be  done  quicker  with  a 
pipe  cutter  than  a  hack  saw,  and  for  this  reason  the  former  is 
more  frequently  used,  although  it  crushes  the  metal  and  leaves 
a  shoulder  on  the  outside  and  a  burr  on  the  inside  of  the  pipe. 
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flfl  This  does  not   apply  to  the 

||"*^.  knife  type  of  pipe  cutter.  The 

'^£ZS  appearance  of  the  cuts  made 

Sw^-,"!  with  hack  saw  and  pipe  cutter 

s5ll  is  shown  in  figs.  5.170  to  5.173. 

all"  "^^^  external  shoulder  must 

^                                    .Ills  be  removed  to  allow  the  pipe 

^                                     g'ss-S  *°  enterthe  threading  tool  so 

>                                     I  o  S.?  "o  worry  need  be  given  that 

BUtl  the  workman  will  not  do  this, 

O                                     lsic-&  but   it   should  be  ascertained 

2                                      ^I'BK  by  inspection  that  theinternal 

Q                                     E-IJ"^  burr  is  removed  on  every  cut, 

jy                                     SS.a'^  especially  on  plumbing  jobs, 

5                   —                w^- 3  *°  avoid  future  trouble  with 

^                                     l^oS  clogged  pipes. 

-SI'S  Too  much  attention  cannot 

4                                     -sl  ll  be  given  to  this  because  the 

.|°.S|  burr  usually  has  a  ragged  and 

Eg  .o  sharp  edge,  which  catches  any 

\                                       -oKc"  sediment    or    other     foreign 

*^                                     S^"^fe  matter    passing  through   the 

gfl  3  pipe  and  finally  stops  the  flow. 

11^.^  It  must  be  evident  also  that 

ts^M  ^  at  the  outset  the  burrs  reduce 

«|k'SJ  the  sectional  area  o£  the  pipe 

g~                                  I  «-s|?  and  thus  increase  the  friction 

"■S^^o  to  flow.    The  proper  and  con- 

\^                                    3r||.s  venient  way  to  remove  a  burr 

T                                     -"eS  i  m  is   by  a    brace   and   burring 

/n                                     Sfl*'^--  reamer,  asshowninfig. 5,176. 

^                                  l"2s|=  Pipe  cutters  may  be  classed 

CC                                  ■  aSSEK  ^.     J    vviieel. 


>- 
< 
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2.  Combined  roller  and  wheel. 

3.  Knife. 


jid  5,180  show  two  types  of 
.figs.5,181and5, 182,  combined 
ler    cutter   and    knife    cutter 

el  cutter  b  a  cheap  affair  and 
■ecommend  it  except  the  price . 
eel  cutter  shown  in  fig.  5,180  is 
ipinion  the  best  designed  cutter 
lor  gene.al  work.  With  this 
of  cutting  is  distributed  among 
,  whereas  with  the  forms  ^own 
id  6,181,  one  wheel  has  to  do 
Although  the  rollers  insure  a 
little  care  in  starting  a  three 
all  that  is  necessary  to  obtain 
moreover,  the  range  of  work 
I  three  wheel  cutter  is  greater 
a  one  wheel  or  combined  roller 
and  wheel  cutter, 


Tig.  S47e. — Method  of  removing  burr  from  pipe  end  with  brace  Hnd 

in  fig.  5,182.    When  the  wheels  become  dull  or  nicked  they  are  easily  re- 
moved and  renewed  at  nominal  expense. 

The  knife  cutter  makes  a  clean  cut  like  a  hack  saw  but  b  a  more  expensive 
toot  than  the  other  types. 
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a  pips  cnda  after 
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Pipe  Threading. — Having  cut  the  pipe  to  proper  length, 
filed  off  the  outer  shoulder  and  reamed  out  the  burr,  it  is  now 
ready  for  the  threading  operation.  The  Briggs  threads  may  be 
cut  on  the  pipe  ends  for  screwing  into  the  fittings  either  by 
means  of 

1.  Hand  stock  and  dies,  or 

2.  Pipe  threading  machines. 

The  hand  stock  and  dies  being  portable,  are  generally  used  for 
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Figs.  5,183  and  5,184. — ^Three  wheel  cutter  and  combined  wheel  and  roller  cutters  illustrating 
range*  The  cuts  show  the  comparative  movements  neojessary  with  the  two  types  of  cutter 
to  perform  their  functions.  The  three  wheel  cutter  requiring  only  a  small  arc  of  movement, 
will  cut  a  pipe  in  an  inaccessible  place  as  shown,  which  with  a  roller  cutter  would  be  impos- 
sible. Accordingly,  the  wheel  cutter  is  said  to  have  a  greater  range  than  the  roller  cuttep 
and  is  therefore  to  be  preferred  for  general  work. 


small  jobs,  especially  for  threading  pipe  of  the  smaller  sizes, 
although  there  are  some  geared  forms  suitable  for  large  work 
without  undue  physical  effort;  the  threading  machines  are  for 
use  in  shops  where  a  large  amount  of  threading  is  done.  Hand 
stock  and  dies  may  be  classed  with  respect  to  the  dies,  as 

1.  Solid. 

2.  Sectional. 

3.  Adjustable. 

4.  Expanding. 

5.  Receding. 
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Flos.  fi,IS5  and  G.lSfl,— Two  {oima  of  square  non-adjiutiible  pipe  die.     Fig.  S.ISS,  lolid;  Bt. 


FlM.£4S7to6,lB3.— Walworth  plain  Dipe  stock  (io(tAoutIuda-icr<ii>)K>ti(l  dies 


S.ieS  to  S.IWi.— WslinKth  plain  pipe  stock  lalth  ladtr  scrnc)  salid  dia  aodbi 
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Fig.  6,196  shows  a  set  with  single  ended  dies  and  figs.  S,197  to  5,190, 
._e  double  ended  die  pattern.  The  dies  are  placed  in  them  and  ate  ad- 
justed to  the  variations  in  the  size  of  fitting  by  the  set  screws  at  the 


Fig.  5,108.— AmiitronB  adJusliMt  pipe  stock  and  die>  for  tlngl*  ended  diet. .  The  diet  m 
intcrehanseable  in  the  stocka,  and.  Although  adjustable,  do  not  need  adjusting  to  cut  the 
standard  sile  for  which  the  dies  are  made.  The  adjusting  is  on]/ done  when  the  uremlanty 
□r  variatioHB  in  the  fitting  make  it  necessary.  There  are  corresponding  maito  (^  [  J  on 
the  stock  and  on  the  dies  (  g  )  and  when  these  marks  are  brought  into  Une  the  diet  will 
..    «     ^  ., 1. '---purchasinge^tradioaandhuahiafl*, 


Phs.  5,197  to  5.109.— Armstrong  oi^'Hsliitle  pipe  stock  and  dies  for  (fouble  er 

will  cut  ^ineh  thread.*  The  cut  ehaws  plainly  the  reference  marks  whic 
with  each  other  in  adnisting  the  dies  by  means  of  the  end  set  screws  to  stani 
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ends  and  secured  by  the  bolts  which  pass  through  the  dies,  the  holes  in  the 
dies  being  sufficiently  larger  than  the  bolts  to  allow  the  necessary  lateral 
adjustment  movement. 

The  term  expanding  is  used  to  represent  that  class  of  threader  in  which 
one  set  of  dies  is  used  for  aU  sizes  of  pipe  having  the  same  number  of  threads , 
the  dies  being  moved  doser  or  farther  apart  by  means  of  cams  or  equivalent. 
Since  only  five  different  thread  pitches  are  used  in  the  entire  range  of  pipe 
sizes,  the  advantage  of  this  in  adapting  a  stock  for  quick  change  is  apparent. 
The  following  table  shows  the  range  of  sizes  for  each  thread: 


Number  of  threads 

Pipe  sizes 

perm. 

ms. 

27 

H 

18 

72»  74 

14 

IIH 

1.1H.1H,2 

8 

2yii  and  above. 

From  the  table  it  is  seen  that  with  two  sets  of  dies  cutting  18  and  14 
thr&uls,  four  pipe  sizes  (^,  ^,  }4  ^^^  %)t  can  ^  threaded,  and  with  a 
set  cutting  11}^  threads  1,  l^i,  1^  and  2  in.  pipe  can  be  threaded. 
All  that  is  necessary  is  to  provide  the  stock  with  mechanism  for  quickly 
and  properl^r  spacing  the  dies  to  corresjxmd  with  the  different  pipe  sizes. 
A  stock  having  these  features  is  shown  in  figs.  5,200  to  5,207. 


Pigs.  5,200  to  5,207. — Text  continued, 

closed  by  one  movement  of  the  releasing  lever.  The  dies  are  changed  from  one  size  to 
another;  or  set  for  over  or  under  size,  bv  movement  of  the  adjusting  lever.  The  size  is 
determined  by  the  dies  and  the  graduated  marks  on  the  face  of  the  tool.  The  £ace  of  the 
stock  is  entirely  free  of  gauges  to  regulate  the  size;  or  friction  devices  to  hold  the  cies.  In 
fig.  5,200,  the  releasing  lever  is  thrown  to  the  extreme  left,  this  throw  expands  the  dies  so 
they  will  clear  the  thr^d  and  the  stock  can  be  lifted  off  without  backingr  over  the  finished 
thread.  The  dies  are  reset  to  size,  without  looking  at  the  markn,  by  sunply  bringing  this 
lever  back  to  the^extreme  right.  Note  that  the  lower  adjusting  lever  ie  not  touched* 
The  lower  lever  is  the  lock  nut,  or  adjusting  lever,  us«i  in  locHng  the  die  cam.  This 
lever  is  moved  along  the  slot  until  the  ^aduated  marks  on  the  face  of  the  tool  show  the 
desired  size.  Then  one  turn  of  the  adjusting  lever  to  the  right  will  hold  the  dies  secure  while 
threading.  This  lock  nut  is  used  only  when  changing  from  one  siu  to  another,  or  when 
changing  the  dies.  Fig.  5,231  shows  both  levers  moved  to  the  left  to  the  limit  of  travel. 
The  dies  are  now  released  and  can  be  removed  outward  through  the  stock;  they  are  here 
shown  partly  withdrawn.  They  will  enter  the  stock  in  the  same  manner  until  the  die  strikes 
a  stop.  Then  after  the  top  lever  is  turned  to  the  right,  the  dies  are  locked  in  the  stock  ready 
to  reset  to  size.  They  cannot  fall  out.  ^  The  heel  of  the  die  is  Vfi'inch  higher  than  the  front, 
which  acts  as  a  stop,  and  brings  the  dies  into  engagement  with  the  cam.  Thus,  when  all  are 
in  as  far  as  the  stop  will  permit,  all  are  simultaneously  caught  by  the  cam  leaves.  Figs.  5 ,202 
and  5,203  show  setting  i>ost  and  stock,  setting  post  removed,  to  show  pawl  which  locks  the 
lever.  The  upper  lever  is  the  releasing  lever  used  only  to  exi>and  the  dies  sufficiently  to  freer 
the  thread  without  backing  off.  It  is  eccentric  in  form,  and  a  spring  pawl  is  provided  which 
holds  the  lever  in  position.  The  pawl  acts  as  a  stop  for  the  extreme  right,  or  left  position. 
The  lower  lever  is  the  lock  nut,  or  adjusting  lever,  used  in  loc]cing  the  die  cam.  This  lever 
is  moved  along  the  slot  until  the  graduated  marks  on  the  face  of  the  tool  show  the  size  you 
wish  to  thread.  Then  one  turn  of  the  adjusting  lever  to  the  right  will  hold  the  dies  secure 
while  threading.  This  lock  nut  is  used  only  when  changing  from  one  size  to  another,  or 
when  changing  the  dies.  Figs.  5,204  to  5,206  show  guide, mechanism;  fig.  5,207  showing 
the  scroll  which  operates  the  guide.  In  this  view,  one  guide  has  been  removed  from  the 
stock  to  show  how  the  spiral  screw  draws  these  jaws  up  to  register  with  the  diameter  of  tf' 
pipe. 


PIPE,  FITTINGS.  AND  PIPE  FITTING 


The  receding  form  of  threader  employs  tapered  posts  or  levers  against 
which  the  back  ends  of  the  dies  rest.  In  cutting  a  iJiread;  the  dies  at  the 
beginning  of  the  operation  cut  a  full  depth  thre^.  As  the  work  progresses 


Fics.  5i08  and  5,209.— Greenfield  reredine  pipe  threader  (tin- /orm.  Fig.  SSW.  position  of 
threader  when  ready  to  thread;  fiB.  5,208  positioa  of  threader  when  cut  is  finiBhed.  To 
avoid  unwinding  the  lead  screw,  thres  conveniently  placed  lugs  are  provided,  a  turn  of  any 
one  of  which  dSengages  the  lead  screw,  so  that  the  head  may  be  Ufled  or  pulled  straight 
back  to  ormnalpoation,  and  reset  there.  The  threader  hasa  three  jaw  universal  chuckemde. 
After  the  jaws  are  tightened  against  the  pipe,  one  turn,  of  the  grip  screw  working  made  e*  a 
chudc  jaw  completes  the  bite,  firmly  gripping  the  pipe.  The  threader  is  adjustable  for 
■hallow  Of  de^  threads;  adjuatment  being  made  by  changiag  the  setting  of  the  lock  nut  and 
Adjusting  rods  that  project  through  the  head  of  the  threader. 
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r 

i.  5,210  and  6^11.— Detail  i 
perallon  ths  dies  are  slipped 
ftanst  the  flat  tapered  burt ace 
ns,"  and  a  die  resting  agains 


;    lapered  pin  form;    f^9''>'  ^H  ^ 
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Ques.  Describe  the  proper  method  of  cutting  a  tliread 
with  stock  and  dies. 

Ans.  Use  plenty  of  oil  in  starting  and  cutting  the  thread.  In 
starting  press  the  dies  firmly  against  the  pipe  end  until  they 
"take  hold."  After  a  few  turns  blow  out  the  chips  and  apply 
more  oil .  This  should  be  done  two  or  three  times  before  complet- 
ing the  cut.  When  complete  blow  out  chips  as  clean  as  possible 
and  back  off  the  die.  Avoid  the  frequent  reversals  usually  made 
by  most  pipe  fitters. 


The  manuEartureis  are  not  to  hiame;  th 

y  are  simply  tryina  to  malce  their  tools  fool  proof. 

SB  with  the  exception  of  the  so  called    m 

nkey"  wrench,  pipe  diesjirobably  receive  thsHreat- 
dial  cutting  edge,  oa  in  &.  a,2U,  does  not  cut  but 

M.  B.214.— Thread  =ut  with  prcperlr  ah 
die  are:     1.  totract  raki  or  euttins  ancle 

aped  die.  r/wcWrf  DO/-.*,  of  a  properly  shaped 
obtained  either  by  pitehing  the  chaser  above,  center 

or  grinding  the  cutting  edge;  2.  aufficien 
on  ttie  pipe;  3,  emugh  chip  clearance  1 

lydJ  doreSg,  tbe^ot  Hich'often'MullB  in 

For  lubrication,  lard  will  be  found  preferable  to  oil.     Apply  the  lard  to 
the  pipe  end  with  a  brush.     In  cutting  the  thread,  the  heat  generated  will 
melt  the  lard  which  will  flow  to  the  cutting  edge  of  the  die  giving  continuous 
lubrication  instead  of  spasmodic  flooding  as  is  the  case  when  using  oil.* 
•note.— The  author  ia  indebted  to  Mr.  Harbison,  thread  eipert  of  the  National  Tube 
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Flat  Threads. — A  considerable  amount  of  material  is  dis- 
carded on  accotint  of  the  threads  being  a  trifle  flat,  and  such 
practice  may  be  regarded  as  due  to  ignorance. 

"With  a  little  reasoning  it  must  be  evident  that  the  entire  thread  must  be 
flat  in  order  to  caase  a  leak,  and  then  the  leak  must  ti^verse  the  circum- 
ference of  the  pipe  as  many  times  as  there  are  threads  in  contact.  Now  it 
might  be  possible  to  have  a  leak  under  these  circumstances  if  no  red  lead 
or  cement  were  used,  but  with  or  without  cement,  a  very  ssiaJl  amount 
of  i)erfect  thread  will  produce  a  tight  joint. 


^GS.  2.215  to  2.217. — LijM,  Pi^.  2,215  shows  a  chaser  properly  lip];>ed  for  cutting  ordinary 
steel  pipe,  the  angle  line  showing  how  the  lip  should  oe  ground.  Caro  should  be  taken 
when  sharpening  the  face  of  the  chaser  to  maintain  a  good  cutting  angle  of  from  15  to  20** 
as  shown.  Grinding  back  the  face  of  the  chaser  does  no  harm  if  properly  done.  Fi^. 
2.216  shows  a  die  lipped  for  cutting  open  hearth  steel  pipe,  which  requires  a  long,  easy  Ixp 
on  account  of  the  tough  character  of  material.  For  oi>en  hearth  steel  the  lip  angle  shotdd  be 
26  ^.  Pig.  2,217  shows  the  ordinary  form  of  commercial  die  which  is  unsuitable  for  cutting. 
not  only  steel  but  also  wrought  iron.  The  lip  angle  is  insufficient.  This  type  of  chaser 
requires  excessive  i>ower  to  cut  the  thread  and  the  result  is  that  the  metal  is  pushed  off  instead 
of  being  cut." 

Occasionally  pipe  is  rejected  on  accoimt  of  small  grooves  that  sometimes 
occur  in  threads  because  the  weld  is  not  perfectly  brought  up. 

A  groove  of  this  kind  could  not  possibly  produce  a  leak  tmless  it  ran 
the  entire  length  of  the  thread  contact,  and  in  depth  went  below  the  bottom 
of  the  thread;  such  defect  is,  however,  rarely  encountered. 


Pipe  Threading  Dies. — ^The  greatest  difficulty  experienced 
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in  threading  pipe  is  due  to  the  use  of  dies  which  are  inadequate 
to  properly  perform  the  work  expected  of  them. 

In  order  to  obtain  good  results  in  threading  any  metal ,  the  die  must  be 


Pigs.  G.SIS  and  E,21S. — Chip  spans.    This  is  Uu  span  riqairid  in  Ou  Sie  faUtr  tn  tront 


dithB  chaser  and  will  soon  begin 
bask  of  the  cli^ier  is  vtA  supported. 


ir  the  thread.    'WhcrB  no  chip  space  b  cat  in  the  die  rina.  the  ehiser  should  proicei 

let  Ki  i"n     nrhpinui-A  a  r'lrtf.-mff  /.''rt^t  Tvi'\  Ka  Piptrieiiced.     The  above  figures  show 

ided  for  the  chips  to  follow,  nliQe  the 

PlO.  5.220.— 


thrtads    of    Ihe 


figure  which  is  from  B  photoeraph  of  a  chaser  after  consijerabl*  use.  When  this  chaser  was 
set  in  the  hoWct,  the  sides  of  the  thread  were  uniformly  dark  in  color,  just  as  they  wors  lc£t 
after  being  hardened  and  teropered.  When  the  cha^T  had  been  in  use  for  eome  time  the 
sides  of  the  threads  became  polishefl.  brighter  at  the  cuttin^r  edce  and  gradually  shading 


vorkhard.  heat  and  make  a  rough,  to 


a  tack  of  clearance  causiiig  the  cutting  ed^  ta 
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WORKING  -^ 
POSITION  OF 
CHASER3  WHEN 
THREAOIN&  PIPE 


POSITION  OF 
CHASERS  WHEN 
&EtN6  MACHINED 

V 


CIJEAAAHOC 


DIA   FOR 

MACHINING 

OHA5ER5 


Pigs.  5.221  and  5.222. — Radial  or  center  cut  chaser  and  method  of  obtaining  clearance.  To 
obtain  clearance  the  chasers  in  the  machining  position  are  set  out  larger  in  diameter  than 
the  size  of  pipe  for  which  they  are  intended.  Thus  for  a  6  inch  die,  the  chasers  would  be 
machined  to  about  'i«in.  greater  diameter.  The  effect  of  this  is  shown  in  an  exaggerated 
manner  in  fig.  5.222.  where  it  can  be  seen  that  the  thread  of  the  chasers  (of  larger  diameter) 
gradually  recedes  from  the  thread  on  the  pipe. 


WORKING-^ 
POSITION  OF 
CMASERS  WHEN 
THREADING  PtPE 


POSITION  OP 
CHA5ER5  WHEN- 
BEING  MACHINED 


HEEL 


OIA   FOR 

MACHINIM6 

CHASERS 


Pigs.  5,223  and  5,224. — Advanced  cut  or  stock  on  center  chaser  and  method  of  obtaining  clear- 
ance. The  cutting  edge  as  shown  is  set  ahead  of  the  radial  line  which  runs  through  the 
center  of  the  chaser.  To  obtain  clearance  the  chasers  in  the  machining  position  are  set  in 
smaller  in  diameter  than  the  s*z9  of  the  pipe  for  which  they  are  intended.^  ^ith  this  tyi>e  of 
die  the  chasers  are  set  in  as  much  as  the  radial  cut  chasers  are  set  out.  This  is  shown  exagger- 
ated in  fig.  5,224  where  it  can  be  seen  how  the  chaser  thread  being  cut  to  a  smaller  radius 
recedes  from  the  pipe  ^read.  In  this  type  of  die  the  rear  half  or  heel  of  the  chaser  should  be 
ground  fM  as  shown,  otherwise  it  will  drag  on  the  pipe  threads  and  injure  them. 
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The  manufacturers  are  not  altogether  to  blame  for  improper  design,  as 
they  are  farced  to  shape  their  dies  so  that  they  may  best  resist  the  abuse 
they  receive  by  improper  usage. 

To  insure  a  good  thread  it  is  necessary  that  dies  be  made  with  a  proper 
consideration  &r:  lip,  chip  space,  clearance,  lead  or  throat,  sufficient 
number  of  dies.* 

SIZE  OP  PIPE 
TO  BE  THREAMP 


FRONT  OF  CHASER 


as-^=*^5aE  OF 

ORiNOimriiNEa 


r 


CENTER  LINE 
OF  CHASER 


CENTEB  UNE  OF 
MINPINS  WHEEL 


Pxo.  5,229. — "PtcjpeT  method  <tf  grinding  chasers  to  secure  clearance  in  lead  or  throat.  The 
chaser  is  raised  or  lowered  accoxdingly  as  the  design  of  the  die  requires.  C,  indicates  the 
am9tmt  of  clearance  which  will  be  obtained.  The  figure  shows  the  approximately  correct 
position  for  grinding  a  "stock  on  center"  chaser  to  secure  proper  clearance  on  lead.  The 
chaser  in  this  case  uxould  be  held  in  a  perfectly  horizontal  position,  the  back  of  the  chaser 
being  a  Httle  below  the  center  of  the  grinding  wheel,  which,  for  purpose  of  illustration,  b 
shown  as  about  the  same  diameter  as  uiat  of  the  pipe.  Greater  clearance  may  be  obtained 
by  slightly  raising  the  rest.  When  a  grinding  wheel  somewhat  larger  than  the  pipe  diameter 
is  used,  the  eenter  of  the  chaser  should  be  slightly  above  the  center  of  the  wheel.  The 
clearance  may  be  reduced  by  lowering  the  rest,  but  the  chasers  should  always  be  held  hori- 
zontal unless  a  specially  designed  jig  or  fixture  be  used  to  hold  the  chaser  at  correct  grinding 
angle. 


Pigs.  5,230  to  5,233. — Results  obtained  in  grinding  chasers.  Fig.  5,230,  cutting  edge 
rounded  off.  No  clearance  in  lead.  Result  of  careless  grinding  and  lack  of  tenu>er  in 
steel  of  chaser;  fig.  5,231 ,  no  clearance  in  throat  or  lead,  caused  by  grinding  the  lead  at  too 
low  a  point  on  the  wheel;  fig.  5,232,  too  much  clearance  in  thread  or  lead,  caused  by 
grinding  at  too  high  a  position  in  relation  to  center  of  grinding  wheel .  This  causes  the  die  to 
chatter  with  restdting  rough  wavering  thread,  if  not  in  fact  stripping  short  pieces  from  the 
thread  or  breaking  the  dicker;  fig.  5,233,  correct  throat  or  lewL 


♦NOTE. — All  these  points  are  taken  up  at  length  in  the  National  Tube  Co.  bulletin  No.  6 
D  on  "Correct  Pipe  Threading  Principles,''^ and  it  will  repay  any  one  interested  in  the  subject 
to  obtain  a  copy  9f  same.  The  author  is  indebted  to  the  National  Tube  Co.  for  the  accom- 
panying cuts  relating  to  dies  and  pipe  threading. 
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Number  of  Chasers. — To  get  good  results  at  one  cut  experi- 
ence shows  that  a  die  should  have  a  suitable  number  of  chasers, 
the  approximate  number  being  determined  by  ihe  size  of  the  die. 
The  experience  of  the  National  Tube  Company  in  threading 
"National"  pipe  on  power  machines  shows  that  dies  up  to  IJ^ 
inches  should  have  four  chasers. 
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Pios.  5,234  to  5,237. — Proper  and  improi>er  sdeetion  of  chasers.  Tvpi.  5,234  and  5,235  shows 
two  sets  of  chasers  propeny  arranged  in  pairs  according  to  serial  number  and  letter;  figs .  5 ,236 
and  5,237,  improper  arrangemmt  of  chasers,  the  lerial  numbers  of  which  show  that  the 
chasers  belong  to  three  different  sets  of  dies:  CB360,  W360,  and  K360.  By  using  chasers 
from  two  or  more  sets,  the  lead  threads  may  not  follow  in  proper  order  resulting  in  unsatis- 
factory threads.  In  many  cases  it  has  been  f  otmd  that  only  the  number  of  a  chaser  has  been 
moted  and  not  the  serial  letters^  resulting  in  the  pipe  being  condemed  as  hard  to  cut  and  the 
die  as  being  defective.  In  placing  adjustable  cnasers  in  holder,  care  should  be  taken  to  set 
them  at  equal  distances  from  the  center,  to  avoid  imperfect  threads. 


CHASCRS 
SET    AT 

aaoFPiPc 


04ASCRSSCT 
ATUSSTHMI 

aa  or  pipe 


Pigs.  5, 238 and  5,239.— <k>rrect 
and  incorrect  setting  of 
chafers  with  respect  to  deprth 
of  cut.  Pipe  fitters  are  quite 
apt  to  be  satisfied  that  the 
chasers  are  properly  set  so 
long  as  the  lead  is  sufficient  to 
allow  easy  starting  of  the 
die,  but  it  frequently  happens 
that  the  chaser  is  set  too 
deep  and  the  die  is  literally  forced  on  the  pipe  after  passing  the  first  two  or  three  threads, 
restilting  in  stripping  the  top  off  the  threads  (sometimes  the  whole  thread),  overheating  and 
ruining  the  die. 


NOTE. — In  hacking  off  a  solid  die,  where  a  common  hand  stock  is  used,  care  should  be 
taken  to  see  that  the  chaser  does  not  jump  the  thread  channel,  causing  cross  threading  or 
-tripping.     This  is  more  particularly  apt  to  happen  when  hacking  the  die  off  the  last  few 
breads,  that  is,  the  first  threads  cut  on  the  pipe. 
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Pipe  Threading  Machines. — For  shop  work  where  great 
quantities  of  pipe  are  threaded  and  especially  for  large  work, 
machines  are  necessary.  These  may  be  either  hand  or  power 
operated.    They  are  constructed  with  a  view  of  saving  time  and 


Pics.6,M0tofi.M5.— Effect  of  «iKeHi¥ei,- 

'VB  Bringing  __ . ._ 

njt  good  tnreada,  Ihou^ 
Tiot  TccDTumenaeu.  ic  win  be  noted  that  Uicre  are  no  DTOKcn,  rag^a  wein  vt  pic] 
Etickera  and  tear  the  top  oCt  the  threads.  The  fibres  8l^  shav  very  dearly  the  gric 
of  the  heel,  a  precaution  necessary  to  prevmt  teami^  of  the  threads,  when  backinKofFi 
that  cannct  h«  opened  before  mnovmg  from  the  pipe.  Old  chaserawith  dullandn 
threeidBinay  be  resharriened  with  emery  and  oil.  Iftoodull,  the^^may  berebobbed.  Hi 
mg  die*  may  be  rehobbed  and  lead  regroimd  to  cut  next  laj^Er  siat  cd  pipe- 


'1  r 


..._/j 


labor.  Of  course,  with  the  hand  machine,  the  time  consiuned  in 
threading  pipe  depends  upon  the  activity  and  experience  of  the 
man  turning  the  crank. 
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As  usually  constructed,  they  are  so  arranged  that  when 
cutting  off  pipe ,  the  dies  are  opened  for  the  pipe  to  pass  through , 
without  being  removed  from  the  machine,  by  a  simple  motion  of 
a  hand  wheel  or  lever,  and  the  gears  and  bearings  are  enclosed 
in  an  oil  chamber,  thus  keeping  the  bearings  lubricated  and 
preventing  chips  or  dirt  getting  into  the  working  parts,  • 

Nipples. — By  definition  a  nipple  is  a  piece  of  pipe  under  12 
ifiches  in  lengA  threaded  on  both  ends;  pipe  over  12  inches  long  is 
regarded  as  cut  pipe.  With  respect  to  length,  nipples  may  ba 
classed  as 


Tios.  B,248  and  6SH9. — ArmatrcHia  pipe  threading  machine  allowing  hand  and  power  diim. 
rt   -  *'-    "-   -■---    i--i^-i^-.-ii^  — L--     .nL.j'  —  re adjufitabl* and aje op*aed 

,hout  resetting.    Two  ipBeda 
' '  '    '  inch  rapidly,  nad 


a  quidtly.  but  easily. 


1.  Close; 

2.  Short; 

3.  Long; 

as  shown  in  figs.  5,038  to  5,040. 
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The  ordinary  method  of  cutting  nipples  as  indulged  in  by  some 
plumbers  and  others, for  lack  of  proper  tools,  is  very  unsatisfactory. 

This  consists  of  u^ng  a  short ^ece  of  pipe  with  a  coupling  on  the  end 
as  a  home-made  nipple  uolder.  Tins  is  placed  in  the  pipe  vise  aad  a  piece 
of  pipe  threaded  on  one  end  BcreY?ed  tightly  with  the  coupling,  and  after 
cutting  o£E  to  length  desired  for  the  nipple,  an  attempt  Li  made  to  thread 
the  other  end.  Owing  to  the  caDnsLderaole  effort  required  to  cut  the  thread 
the  nipple  turns  in  the  coupling  until  the  latter  is  strained  to  the  splitting 
point  and  in  fact  u^ially  does  split  before  many  nipples  have  been  cut  in 
this  way,  restUting  in  profanity  and  a  waste  3/  lime. 

In  emergency,  the  proper  way  to  cut  a  nipple  with  such  makeshift  h<dder 
so  as  not  to  split  the  coupUng  is  to  use  adjustable  dies,  as,  for  instance, 
the  Armstrong  pattern  (fig?.  fi,197  to  5,199).    First  take  a  very  light  cut. 


,250.— Makeshift  nipple  hsldei  u  uied  by  some  smm  fitters.  II  csnaiiM  of  a  ihort 
■*-  -'-Tohavinaa  coupling  on  Dno  en-*       " '■" —    ' -"  -' ""^ ' — '-  " ~* 

LpUngt  and  the  die  applied  ti 

■    -    ^  '^      -'         ■  ■    '  'derftbie.  tht  oiuDtmff  will   be  forced  —  ,,,, 

tho  coupling 


length  of  pipe  tavina  a  coupling  on  one  end.    In  opera  tton,  one  end  of  the  nippli 

z ... ,-^g_  jjjjij  jjjg  ^g  applied  to  the  other  end.    In  doing  this  tho  tu. 

It  the  thrcHd  bein^  conBidemble.  the  coupbw  will  be  forced  oi 


□upling  now  being  in  a,  condition  known  to  a  certain  class  of  norlontn  as  "on  the  hog" 
epfflced  by  a  new  one  each  time  a  nipple  ia  to  be  cut.    In  '  " 


jf  worlmcn  Bi 
1  ttndlnB  In  Ihe  bill,  t 
waste  or  time  ana  coupiinge  are  oi  no  consequence  to  an  unscmpulous  mechanic,  for  these 
items  are  chaiKcd  to  the  customer  along  with  such  things  as  candles,  waste,  charcoal,  oil, 
matchn.  etc.— 4t  a  very  handsome  profit. 

then  adjust  dies  and  take  one  or  more  additional  cuts  to  finish.  The  cost 
of  a  property  made  nipple  holder,  such  as  shown  on  page  2,840,  is  so  small 
that  it  ^oiud  be  included  in  every  pipe  threading  outfit. 

Pipe  Tapping. — Frequently  in  pipe  fitting,  it  is  necessary  to 
cut  internal  threads  on  pipes,  as  in  making  pipe  headers,  lubri- 
cator connections,  etc.  This  is  called  tapping,  and  involves  1, 
drilling  holes  to  correct  diameter,  2,  scnnetimes  reaming,  and  3, 
cutting  the  internal  threads  by  means  o£  a  tap.  It  is  first  neces- 
sary to  know  what  size  hole  is  required  for  the  size  of  tap. 
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The  following  table  gives  drill  sizes  which  permit  of  direct 

tapping  without  reaming  the  hole  beforehand. 

Drill  Sizes  for  BrlS£s  Standard  Pipe  Taps 

(For  direct  tapping  without  reaming) 


Size  of  pipe 

H 

y. 

•A 

'A 

y,. 

1 

IM 

IH 

2 

2'A 

3 

3'A 

4 

Size  of  drill 

a 

'<i 

%, 

ti 

H 

1.'. 

m 

It! 

m 

m 

3y, 

m 

«i 

Drill  Sizes  (or  Pipe  Taps 


Si«T=p 

BniCCS  STANDARD 

^'*'^^-^X»'{!S°"1 

•n,r,«i 

Dhll 

TlKaiJ 

Dnn 

H 

» 

"^ 

IS 

'4, 

a 

"« 

W 

JJ, 

"^ 

I! 

H 

•H6 

« 

>M 

■% 

« 

im 

Hi 

!j 

ll« 

iVi 

IIH 

l>l« 

Mi 

I'W 

I'M 

IK 

im 

«« 

2t6 

2W 

2M 

s 

2M 

2'!6 

2« 

s" 

S>^ 

314 
3t6 

iH 

3H 

SH 

s 

a-!* 

3K 

3K 

b" 

■<W 

4)j 

S 

< 

5M 

5M 

»H 

« 

11 

SK 

»16 

10 

■ 

1(B« 

" 

lOti 

^.  5,251  and  5,3BS.— Pipe  tap  and 

The  table  at  the  left  (by 
Greenfield) ,  gives  drill 
;s  for  pipe  taps  for  both 
the  Briggs  or  American 
Standard,  and  Whitworth , 
or  British  Standard, 

Figs.  5,251  and  5,262  show 

a.  pipe  tap  and  reamer;  fie;. 
5,253     combined     tap    and 
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drill  reamer.  Since  the  thread  is  tapered,  it  might  be  inferred  that  after 
drilling,  the  hole  should  be  reamed  with  a  tapo^  pipe  reamer,  but  this 
is  not  necessary  if  the  size  of  the  drill  be  increa<!ed  slightly. 


Pig.  6,353  — Pntt  and  Whitne;  a 


obined  pipe  tap  and  drill. 


Pro.  5.254.— Pntt  and  Wiitne)-  iripe  In 


ttioff  tlie  threHda  of  diea. ' 


Pigs.  G,2S&  and  G.3Se.~Pipe  diillme  crew 
V  arms  and  a  leg  formiiig  a  ttipod  support 
Ann  is  arr^nsEd  to  slide  on  the  standan]  ar 
end  of  the  arm  19  tapped  a  fefd  screw  wi' 


point  EO  localfid  that  the  aiis  of  the  teed 
■Eoref,  the  feed  screw  being  perpendicular 
.11  be  applied  at  the  same  point  touched  by 
£g.  5^5«.  the  hole  nill  be  drilled  radiaUy 
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In  drilling  a  pipe  for  tapping,  care  should  be  taken  that  the 
drill  be  guided  in  a  radial  direction  and  perpendicular  to  the 
pipe  axis.  Fig.  6,255  shows  a  pipe  drilling  crow  designed  for 
the  purpose  and  fig.  5,260,  pipe  and  drill  in  position.  Of  course 
where  such  device  is  not  at  hand,  various  makeshifts  have  to  be 
resorted  to. 

Pig.  5,257  shows  a  method  of  holdir^  a  ratchet  drill  in  place, 
the  drill  being  aligned  by  square  and  eye.    In  tapping,  special  care 


Fic  B  ^57.— Ordinary  method  of  drilling  a  pipe  for  tapping  where  a  cro;i 
Oneendof  a.Iever  is  placed  under  the  olae  of  &  timber,  as  ehown.  while  a 
on  the  other  end,  Eliding  the  lever  in  contact  with  a  vertical  timber,  us 
When  this  plan  is  adopted  it  is  not  necesBary  to  operate  tl     '     ' 


should  be  taken  not  to  turn  the  tap  with  too  much  force,  espe- 
cially with  small  taps,  to  avoid  danger  of  breaking.  If  the  tap 
do  not  turn  reasonably  easy,  work  it  back  and  forth  and  occa- 
sionally back  off  to  remove  chips,  and  always  use  plenty  of  oil 
in  tapping  wrought  pipe. 
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Pipe  Bending. — There  are  numerous  instances  where  it  is 
desirable  to  bend  the  pipe  rather  than  use  additional  fittings 
to  make  directional  changes  in  the  pipe  line.  With  the  proper 
facilities  pipe  may  be  bent  within  certain  limits  without  difficulty . 

The  following  table  gives  the  advisable  and  minimum  radii 
to  which  standard  wroi^ht  pipe  may  be  bent. 


ThU  Up  differs  from 
.  oiQ  KTuujiu  ut  un  untiK  j?.  to  the  muB  of  the  tap. 

...»  ^«...^-~ t- -  - >a  motion,  that  ia,  with  the  least  rcstatance  to  the 

thrust.  The  angle  of  the  flutea  deflecM  the  chipa  «o  that  they  curl  out  and  aheed  of  the 
tap  tmd  do  not  collect  and  break  up  in  the  fiutea.  This  action  of  * 'shooting"  the  chip«  ahead 
ia  long  nnbrolCGil  coils  i9  responsible  for  the  name  "Gun"  giveij  to  tbe  tap;  fig.  6,iW 
stuwtt  thil  action,  which  since  it  is  non-clogging,  the  tap  does  not  have  to  be  backed  out  of  ^ 
^ep  holes  to  dear  collected  chios  froin  the  Sutas.  Intlructloiu  for  BrlmUna:  1.  See 
that  the  abnnve  wheel  is  shaped  to  fit  the  flute  at  G ,  (fig.  5.25S)  in  order  to  maintain  the 
shape  of  luwkeiactlr.  2.  When  the  ends  o£  the  lands  F,  net  thin  from  continued  regrinding, 
raiOQ  the  end  d  the  tap  straight  back  until  lands  reach  normal  thickness.  3.  In  Tcgrinding 
chamferorpluggingC.besure  to  grind  the  relief,  seeing  that  the  cutting  edge  A,  is  the  highest 
edge;  graduallv  backina  away  from  this  edge  as  shown  by  the  circle  at  C.  4.  The  last 
nll^ged  thread  D,  should  ha  about  two  threads  below  the  junction  of  the  bevel  and  etraight 
SiMc.  6.  Slishtlr  round  off  any  comer  at  junction  of  bevel  and  straight  flutes  E.  carefully. 
"    '"  ■  ■  in  thi»  angle  B,  for  shear  cut.     7.  loregrindingremoveaslitllemetBlaspoBsible— 
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Radii  for  Standard  Wrought  Steel  Pipe  Bends 

(As  recommended  by  National  Tube  Co.) 


Hpe 

size 

inches 

« 

Center 

to 

face 

Mini- 
mum 
radius 
inches 

Pipe 

size 

inches 

Advis- 
able 
radius 
inches 

Mini- 
mum 
radius 
inches 

Pipe 

size 

inches 

Advis- 
able 
radius 
inches 

Mini- 
mum 
radius 
inches 

1 

2 

2 

2J1 

i« 

5 

7 

Advis- 
able 

radius 
15 
18 
21 

1% 

3 

3Ji 

10 
12 

14 

4 

5 
6 
7 
8 
9 
10 
11 

24 
27 
30 
36 
42 
48 
54 
60 
66 

16 
18 
20 
24 
28 
32 
36 
40 
44 

12 

13 

14 

15 

18  0.D. 

20O.D. 

22  O.D. 

24  O.D. 

72 
84 
90 
100 
125 
150 
165 
180 

48    . 

60 

68 

76 

90 
120 
132 
144 

2)4 

3 

3H 

^^  /  M 

The  radii  given  in  the  table  are  as  short  as  should  be  used  to  secure 
good  results  and  if  they  be  reduced,  the  thickness  of  the  pipe  must  be 
increased.  As  the  radius  is  decreased,  however,  it  becomes  more  difficult 
to  avoid  buckles. 

For  making  bends  The  National  Tube  Co.  offer  the  following  suggestions: 
Bends  12  ins.  and  smaller  to  regular  dimensions  to  be  made  of  fim  weight 
pipe.  Bends  14,  15  and  16  ins.  outside  diameter  ^.to  be  not  less  than 
%  in.  thick. 

Bends  18  ins.  outside  diameter  and  larger  to  be  not  less  than  T^ 
ins.  to  }^  ins.  thick. 

For  offset  bends  try  to  make  a  straight  length  between  the  bends  in 
preference  to  the  direct  reverse  bend:  this  is  of  advantage  to  the  pipe  bender. 

With  the  welded  flanges  there  must  be  a  short,  straight  length  of  pipe 
between  the  bend  and  the  flange.  On  sizes  under  4  ins.  this  shotdd 
equal,  at  least,  IJ^  diameters;  on  sizes  over  4  ins.  it  should  equal  at 
least  1  diameter  of  the  pipe.  In  all  cases  it  is  better  if  equal  to  2  diameters 
of  straight  pipe. 

Ques.    How  may  pipes  be  bent  by  hand  without  the 
use  of  special  tools  ? 
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Ans.  Completely  fill  the  pipe  with  dry  sand  and  cap  the  ends 
so  the  filling  will  be  retained.  Heat  the  part  to  be  bent;  clamp 
the  pipe  in  a  vise  as  close  to  the  part  to  be  bent  as  possible.  Now 
cool  the  outside  of  the  curve  with  water  so  that  the  inside,  being 
hot  and  plastic,  is  compressed  as  the  bend  is  made. 


PlCT.  5,281  to5,283.— Pipe 


fom.  A,  with  bending  pun«/C, 
lired  to  bend  pipe,  t!ie  part  A, 


Pm.  5.Z64.— Consnon  ben 
nwJiany  hinRed  it  B.    OwinH  to 

muslbeverysecurelyfastenedlq.    ...    _        .       . 

to  tfae  pmjectitm  E.  and  pipe  placed  in  position.  Then  the  lever  is  forced  arouna 
direction  indicalea  by  the  arrow,  thus  bending  the  pipe  to  conform  with  the  bending 
The  pipe,  of  coureo,  must  first  be  filled  with  sand  and  capped  ta  prevent  buckling.  «I 
hnted  if  the  bending  radius  be  small  enough  to  require  heating. 
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The  heating  should  be  restricted  to  the  section  to  be  bent.  It  is  usually 
necessary  to  heat  several  times  in  making  a  bend  to  short  radius;  nothing 
is  gained  by  overheating.  The  outside  of  the  bend  is  cooled  with  water 
to  force  the  compression  of  the  metal  on  the  inside,  which  sifghtly  reduces 
the  volume  filled  by  the  sand  and  this  causes  the  latter  to  give  better  support 
to  the  walls. 

For  bends  over  15  times  the  pipe  diameter  the  use  of  water  for  cooling 
the  outside  of  the  curve  is  not  necessary. 


Fig.  5,265. — ^Bending  block  and  pins.  This  is  a  simple  method,  but  requires  a  careful  workman 
to  get  a  smooth  job ,  and  though  adaiptable  to  the  largest  sizes  of  pipe,  may  require  a  tedjous 
amount  of  work.  Two  pins  are  required  for  the  necessary  leverage  to  pull  the  pipe  around. 
The  plate  is  desirable  for  keeping  the  bend  in  a  true  plane.  In  bending,  the  pipe  is  heated 
in  a  small  spot  at  a  time  on  the  inside  of  the  bend,  as  shown  in  the  shaded  portion  at  £. 
If  the  heat  extend  around  the  outside  of  the  pipe,  this  should  be  chilled  with,water  imme- 
diately before  bending,  the  object  being  to  keep  the  outside  cold  to  prevent  flattening  the 
pipe  while  the  pressure  of  the  bending  causes  the  inside  to  upset  and  so  furnishes  the  shorter 
radius  for  the  inside.  Only  a  very  small  portion  of  the  pipe  can  be  heated  at  a  time  and 
should  the  pressure  cause  the  inside  to  start  to  kink  at  any  point,  that  place  must  be  imme« 
.  diately  chilled  with  water,  and  the  bending  continued  further  along.  On  account  of  the 
constant  shifting  of  the  heat  on  a  very  small  portion  at  a  time,  the  use  of  an  oil  torch  for 
heating  is  a  great  advantage,  as  it  saves  carrying  the  pipe  to  and  from  a  forge,  but  the  latter 
can  be  used  if  necessary. 


Ques.    When  the  requhred  curve  has  been  obtained  how 
is  it  retained  while  bending  the  other  sections? 

Ans.     By  cooling  with  water. 
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Pipe  Bending  Tools. — There  are  a  variety  of  devices  com- 
posing hand  tools  and  machines  for  bending  pipe.  Pig.  5,261 
shows  the  smallest  and  simplest  device  which  is  intended  to 
be  bolted  to  a  table  and  is  suitable  for  bending  pipe  of  small 
sizes  rangiog  from  ^  to  2  ins.  Fig.  6,262  shows  a  pipe  vise 
with  bending  forms  combined,  and  fig.  5,263  a  machine  suitable 
for  pipes  ^  to  Ij^  ins.  Figs.  5,264  to  5,267  show  some 
interesting  tools  and  pipe  bending  methods. 


PlG.GJi6flBndG,3eT. — Anvil  method  of  pEpeljendina.  InEg.5.Z8SacoupIinK  and  short  lenEtb 
of  pipe  sie  tempomily  fitted  on  the  end  aC  the  slat,  as  ^onn  at  P.  A  short  heat  is  talcen 
close  to  the  coupling  at  G,  the  pipe  laid  over  the  hom  of  an  anvil,  and  with  a  swage  and  sledge 
the  bend  is  started,  tvnung  the  pipe  over  on  its  tide  if  necesauY  ^  work  out  any  Idnks  or 
ftsttenina  that  may  occur  while  this  first  bend  is  being  made.  The  added  ecdtion  of  pipe  i) 
then  removed  and  a  quite  different  method  continues  the  work,  as  shownin  fig.  6,267. 
The  clamped  band  handle  H.  is  now  bolted  en  some  disUnce  back  from  the  end.  and  the 

pendulum  fashion  through  a  Ewing  of  three  or  four  feet.   A  heavy  wood  block  J,  for  a  "buttmg 

pcet^'  is  leaned  up  against  a  c ■ — * '•* "   --  -^ *  -i.^^i.__.:_,i —  ,.i — 

^^  *■* ^*  ' — t  beyond  and 

atthe  block,  1 


tending- in  this  next  sectio: 

tSfoJSfde'ft 

s; 

iDBtBiiAl  t«ke*  place  at  the  san 

e  time  so  that  there  is  no  flatter 

nd 

the  pipe  holds  np  to  its  full  for. 

n.     This  same  procedure  is 

secti^  f  alk)« 

anothk.  and  the  pipe  loUs  up 

-aset: 

e  shaded  port 

K.  indicates  the  place  where  t 

e  bending  is  taking  place. 
ne.anH  there  ^  any  te 

Care 

^d  that  the  bend 

does  not  run  out  of  ft  true  pi 

iric 

must  be  laid  on  a  face  plate  or 

anvil  and  tuned  up .     In  wo 

^^id'and  tha 

of 

fig.  6,26S,  the  smith  must  wo 

wl^hh« 

been 

i» 

rsdius  of  tbe  inside  of  the  bend,  using  care  to  keep  each 

adde 

dben 

J  close  to  the  temoh 

hout  tewoking  the  whofe  p 

work 

>n  when  it  mit 

It 

not  be  to  eadir  performed  wi 

ece. 
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Assembling. — On  large  jobs  the  pipe  is  usually  cut  according 
to  a  sketch  or  working  drawing  and  partly  assembled  at  the  shop. 
If  no  mistakes  have  been  made  in  following  the  dimensions  on  the 
drawing,  and  the  latter  be  correct,  the  pipe  and  fittings  may  be 
installed  without  difficulty,  that  is,  the  last  joint  will  come 


Figs.  6,268  to  6,272. — Various  pipe  wrenches.  Fig.  6,268,  Stillson  with  wood  handle  6  to  18 
ins.;  fig.  6,269,  Stillson  with  steel  handle  18  ins.  and  larger;  fig.  6,270,  Trimo;  fig.  5,271, 
Reed;  fig.  6.272,  Alligator. 


together  or  ''make  up,'*  This  last  joint  is  either  a  union ,  a  right  and 
left ,  or  long  screw  joint ,  and  if  errors  have  been  made  in  cutting  the 
r)ipe,  it  will  be  difficult  or  impossible  to  make  up  this  closing  joint. 
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ava^able  any  pipe  system  may  be  arranged  in  ntimerous  ways, 
and  the  proper  selection  of  these  fittings  and  general  arrangement 
of  the  system  so  that  it  will  be  direct,  simple,  accessible  for  re- 
pairs, etc.,  is  an  index  of  the  fitter's  ability. 

In  making  up  screwed  joints,  red  or  white  lead,  graphite,  or 
some  standard  jomt  cement  should  be  used.  Of  these,  red  lead 
is  most  extensively  used.    It  is  no  doubt  most  efl&cient  in  making 


JAW6  On'bITE." 

Figs.  5,281  and  5,282. — ^How  to  use  a  pii)e  wrench.  Adjust  wrench  so  that  jaws  will  take  hold 
of  pipe  at  about  the  middle  part  of  the  iaws.  To  support  wrench  and  prevent  unnecessary 
lost  motion  when  wrench  engages  pipe,  hold  jaw  at  A,  with  the  left  hand  pressing  it  against 
the  pipe.  At  the  begixming  of  the  turning  stroke  B,  with  jaw  held  firmly  against  pipe  with 
left  hand,  the  wrench  will  at  once  "bite"  or  take  hold  of  pipe  with  only  the  lost  motion  neces- 
sary to  bring  jaw  C,  in  contact  with  the  pipe. 

a  tight  ioint,  but  it  is  more  difficult  to  unscrew  the  fitting  in  case 
of  repairs  than  when  graphite  is  used. 

In  applying  the  red  lead  or  other  material  it  should  he  put  on  the  male 
thread  only;  3  put  on  the  female  thread,  when  the  pipe  is  screwed  in,  some 
of  the  red  lead  will  lodge  inside  the  pipe  and  form  an  obstruction,  especially 
in  small  pipes.    A  convenient  method  of  appl3ring  red  lead  or  cemenli  la 
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vith  an  old  toothbrush,  as  in  fig.  5,283.  In  making  up  a  joint  it  should  not 
be  screwed  fast  «iough  to  produce  undue  heat,  because  the  resulting  expaa- 
sion  of  the  pipe  will  not  allow  a  proper  number  of  turns  to  be  made  and  on 
cooling  and  contractii^  the  joint  may  be  loose  enoi^h  to  cause  a  leak. 

The  ordinary  pipe  fitter,  when  called  upon  to  put  up  piping  that  will 
bo  subjected  to  a  pressure  of  200  to  300  lbs.  of  steam,  feels  that  he  i« 
shouldering  a  heavy  responsibihty,  but  should  be  called  ui>on  to  make 

£'nts  that  would  have  to  bear  1,000  lbs.  air  pressure,  he  might  not  feel 
e  asstuning  the  responsibility  at  all.    Again,  if  he  undertake  the  work, 

1  OF  GLASS 

BnuSH  WHEN 

-    n  ust 


Fta.  5, 283 .—Method  of  applying  red 
brush.  The  oiue  i>  rested  aiainst 
[n  the  dire 

ftod  a  little  dryer  st 

'-  -■ —- ie  tta  lead.    Thet 

lead  It  prevents  St 

^obably  he  would  feel  certain  that  it  would  be  necessary  to  resort  to  extraOT- 
ainaiy  means  to  get  the  desired  results.  No  doubt  he  would  decide  that 
with  the  ordinary  material  manufactured  and  supplied  to  the  general 
market.,  such  work  under  these  conditions  was  impossible.  Tight  jomts 
msy  be  easily  made  for  1,000  lbs. air  pressure  when  theworkis  correctly 

Ques.    What  is  the  secret  of  making  tight  joints  ? 
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Ans.  1,  The  threads  should  be  clean,  2,  the  best  lubricant 
should  be  used  to  prevent  friction,  and  3,  in  making  up  the  joint 
it  should  not  be  screwed  up  fast  enough  to  make  any  appreciable 
change  in  the  temperature  of  the  metal. 

When  these  conditions  obtain,  the  metal  may  be  brought  together  as 
solidly  as  possible,  which,  as  must  be  evident,  is  necessary  to  obtain  a. 
tight  joint.  The  friction  mentioned  in  2  is  due  to  the  large  amount  of 
bearing  surface,  especially  when  there  is  grit  in  the  threads  and  the  metal 
is  coming  solidly  tt^ther. 


It  fittjngs.    Pig.  1,281,  tight  jiHiit  retum  bend;  Sg.  6,285, 


NOTE.— ripe  cement  for  iron  or  briss:  1  lb.  No.  2  Sylvsn  cup  greasci  3G  lbs.  ohiM 
lead;  S  Iba-  STouDd  grephite. 

NOTE  .—For  grinding  diet  use  Norton  Alundum  wheel  3S-P. 

NOTE. — Forelfnpipe  IhreaiU,  AecordinB  to  W.  J.  Baldwin  on  the  practice  of  Germany 
Mid  Frsnce  (comparing  the  German  and  French  systems  with  the  Brisgs  system),  Germany 
UHS  straight  threads  nearly  altogether.  The  pitch  and  form  of  thread  is  about  the  same  as  the 
English  eicept  that  the  thread  as  a  whole  is  not  tapered.    France  bmore  irregular  in  practice. 

Jeans  toward  tapered  ttireads.  South  American  eoimtries  have  no  fined  standards,  but  import 
from  the  United  States  and  England  and  use  the  method  o£  the  countn'  from  which  they  im- 
piMt.  Canada  uses  the  Brigga  standard.  In  Mexico  a  great  deal  of  American  pipe  and  fittings 
Are  used,  but  Mexico  and  the  South  and  Central  American  ccuntiies  use  the  methods  of  thive 

NOTE.— The  burtU/tg  prmure  of  screwed  Uttings  is  from  ten  to  twenty  times  the 
working  pressure.  The  internal  fluid  pressure  is  not  the  determining  factor,  as  fittmRs  must 
withstand  the  strain  of  expansion,  contraction,  weight  of  piping,  settling  and  water  hammer 
and  there  is  also  the  possibility  of  variation  in  thickness.  For  CMt  iron  lAs  bursling  preisiirt  is 
tmtraUy  in  ixciss  of  1,000  Ibt.,  and  tor  malltabu  iron,  it  is  in  txcess  cf  2,000  lb: 

of  IS  parM  of  slatedlmie,  30  parts  of  graphite,  and  40  parts  ofbarium  Bulphate.  The  ingredients 
(VB  powdered,  well  mixed  together,  and  stirred  up  with  15part5  of  boiled  oil-  A  stifTer  prepara- 
tion  can  he  made  by  increasing  the  proportions  of  graphite  and  barium  sulphate  to  30  and  40 
parts  respectively,  and  omitting  the  lime.  Another  cement  for  the  same  purpose  consists  of 
15  parts  of  chalk  and  60  of  graphite,  ground,  washed,  mixed,  and  reground  to  fine  powder. 
To  this  mixture  is  added  20  parts  o(  ground  litharge,  and  the  whole  mixed  to  a  stiff  paste  with 
about  15  parts  of  boiled  oil.  This  last  preparation  possesses  the  advantage  of  remaining  plastic 
lor  a  long  time  when  stored  in  a  cool  place.  FinaJTy,  a  good  and  simple  mixture  for  tightening 
Bcivw  connections  is  made  from  powdered  shellac  disaolved  in  10  per  cent,  ammonia.  The 
mucinous  mass  is  painted  over  the  screw  threads,  after  the  latter  have  been  thoroughly  cleaned. 

■-Milens  quicldy.  makes  a  tight  joint,  and  is  impervious  to  hot  aiid  cold  water. 
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Friction,  as  previously  stated,  produces  heat,  and  hest  produces  expan- 
sion, hence,  as  the  pipe  is  lighter  than  the  fitting,  it  expands  more  and 
therefore,  when  both  become  cold,  the  pipe  contracts  more  than  the  fitting, 
thus  causing  a  tendency  to  leak. 

Ques.    Are  especially  long  threads  favorable  for  tight 
joints? 

Ans.     No. 

According  to  the  Crane  Co. ,  the  larger  the  thread,  the  more  the  tendency 
to  friction,  which  prevents  close  contact  of  the  metal,  not  to  mention  the 
natural  irregularity  in  the  threads  acting  in  the  same  manner.    For  instance. 


Pigs.  5,296  to  5.300. — Crane  American  Standard  springier  cast  iron  fittings  for  fit*  protec- 
tion service  with  water  working  pressures  up  to  150  lbs.  These  fittings  fill  the  lequirements 
of  the  National  Fire  Protective  Association  and  are  made  in  sizes  2 H  to  6  in.  inclusive  in 
the  various  types  of  elbows,  tees  and  crane  shown.  Crane  Standard  cast  iron  screwed 
fittings  size  2  in.  and  smaller,  and  standard  flanged  fittings  will  not  have  any  opening  less 
than  60%  of  the  largest  opening.  Tappings  are  provided  only  for  drain  or  test  purposes, 
in  which  case  fittings  are  provided  with  boxes  for  tapping  when  required  if  the  location 
and  size  of  tapping  b*  specified.  Fittings  2^  to  6  m.  inclusive  may  be  tapped  H  in.  on 
the  side  without  loss  and  fittings  larger  than  6  in.  may  be  tapped  H  in.  without  loss.  All 
flanges  and  drilled  templates  are  the  American  Standard. 

if  an  attempt  be  made  to  make  a  joint  on  say  8  in.  pipe  with  a  thread 
6  inches  long,  the  friction  and  irregiilarities  would  be  so  great  that  it  would 
be  xwactically  impossible  to  get  the  requisite  thread  contact. 


Ques.    Does  the  absence  of  heat  in  making  up  insure  a 
tight  jofait? 
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screwed  up  very  slowly  and  thus  avoid  1he  heating  due  to  fricrtion,  and  yet 
the  joint  will  tie  enytning  but  tight.  To  guard  against  this,  after  cuttmg 
the  threads,  th^  skimid  be  thoroughly  cleaned  wilh  a  stiff  brush. 

Ques.    Are  perfect  threads  necessary  to  make  t^t 
joints? 


porta  ore  fint  serened  togetber  ood  the  rails  are  thea  fitted  and  i 

Ans.     No. 

It  is  surprising  what  erroneous  ideas  are  hdd  regarding  the  placing  of 
too  much  importance  on  defects  in  threads  of  pipe  and  fittings,  even  by 
e;tperienced  pipe  fitters  One  of  the  causes  assigned  for  the  reiection  of 
[Hpe  and  materiel  is  that  the  threads  are  a  trifle  broken  Probably  not 
over  1  per  cen*  of  the  bearing  of  the  thread  is  gone  or  marred,  yet  there 
are  many  pipe  fitters  who  will  throw  out  such  material.  Experiments  made- 
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I.  S,303  tad  5,304,  show  .hew  absurd  it  is  to 


Ques.    In  taking  measurements  for  pipe  lengths  what 
allowance  must  be  made? 


Pioi.  5^03  and  G.304. — Ciaoe  eiiierimcnU  on  defects  In  thTBBds.  A  piece  of  eight-IiKJi  J^M 
WBS  threaded  ior  a  distance  of  two  and  h  quarter  inches.  This  pipe  was  then  put  in  a  lathe 
and  was  mutilated,  aa  shown.  In  the  thread  part  three  BrooveB  were  turned,  each  "^  of 
BO  inch  wide  and  to  the  bottom  of  the  thread.  The  top  oE  the  remaining  threads  with  the 
exception  of  the  one  at  the  end  of  the  pipe,  were  turned  off,  aiving  them  a  flat  surface  Vb  of 
an  inch  wide.    Neit.  at  three  places  on  the  circumference  ot  the  tapered  thread,  flat  spots 

Twenty-five  grooves  were  then  filed  in  the  thread  of  the  pipe  and  the  same  number  in  the 
coiaiUiiB.  all'parallel  with  the  pipe  and  two-thirds  of  the  depth  of  the  thread.  When  all  this 
dalibcnita  mutilaliiis  was  fisiahed.  the  threads  were  cleaned  thorcuBhly  and  coated  with 
The  joint  was  then  screwed  up  BO  that  the  lengthwise  grooves  did  not  cc 


one  tcaothtr.    The  outer  ends  of  the  pipe  and  coupling  neit  were  plugged  and  th 

*— *— '  '->  425  pounds  of  air  pressure.   The  joint  wasfound  tobe  tight.andthe 

a  hrdiaiilic  prESSure  test  of  1,000  pounds.    The  amount  of  defect  in  the  thread  of 


to  425  pounds  of  air  pressure.   The  >3int  wasfound  to  be  tight,  and  thesame  result 

.J  .^-J^..,: jB  test  of  1,000  pounds.    The  amount  of  defect  in  the  threa-"    ' 

hundred  times  greater  than  that  for  which  many  regular  at 


ri  Mtd  engL .„~- — _ 

I  in  tbeia  matters  all  these  years.    Crane  Co,  reasoned  this  subj> 


,_._ — „.     Undouttedly  ttae 
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sufficient  lengtll  of  ^op  leg  to  bolnnce  the  diifereDce  of  pressure  between  boHer  and  riser. 
B,  uniVEnaljointlC.  o&l  bunker;  D,eihsu9t  pipe;  E.  hot  well;  F.  air  pump;  G.  feed  ^mp. 
with  teet  condmruer,  the  tubes  and  return  pipe  musi  be  inclined  go  ccmdmau  lolll  drain 
from  ctmitnif  inlrl  Id  air  pump,  nihtniisc  Ittlle  or  no  cacuum.  ISee  author's  method 
page  3,131).  Relief  valve  should  beplacedonfeedline.  Inplplnf.Atibtralnumier  of  unions 
should  be  used  and  special  fitlinga  avoided.    There  should  he  valves  ne«t  to  boiler  on  feed 
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Ans.     An  allowance  for  the  length  of  thread  that  is  screwed 
into  valves  or  fittings  to  make  a  tight  joint  as  shown  in  fig.  5,302. 

The  following  table  gives  such  allowance  for  various  sizes  of  pipe 

Length  of  Thread  on  Pipe 

(Necessary  to  make  a  tight  joint.     Dimension  A,  fig.  5,302.) 


Size 
inches 


H 

^ 


Dimen- 
sion 
A 
inches 


Size 
inches 


k 

'2" 

2H 


Dimen- 
sion 
A 
inches 


h2 


Size 
inches 


3 

4 

in 
5 


Dimen- 
sion 
A 
inches 


1 

IHe 


Size 

inches 


6 
7 
8 
9 

10 
12 


Dimen- 
sion 
A 
inches 


IS 


Example  of  Pipe  Fitting. — ^The  piping  system  of  the 
author's  launch,  "Stomoway,"  as  shown  in  fig.  5,306,  is  an 
illustration  of  an  installation  comprising  numerous  lengths  of 
pipe  and  a  multiplicity  of  fitting,  and  most  of  it  being  located 
below  the  floor  timbers  of  a  small  boat  presents  some  difficulty 
which  taxes  the  ingenuity  of  the  fitter.  The  boat  being  operated 
in  salt  water,  brass  pipe  and  fittings  are  used  to  prevent  rapid 
corrosion,  except  the  exhaust  pipe,  which  is  of  copper  with 
flanged  joints. 

There  are  two  methods  by  which  the  pipe  fitting  may  be  done: 

1.  By  eye  and  approximate  measurements,  or 

2.  Entirely  by  measurements. 

The  first  method  is  a  hit  or  miss  process  and  requires  an 
experienced  fitter  to  make  a  good  job,  whereas,  the  second 
method  is  one  of  precision  and  is  the  better  way  of  doing  it 
because  in  making  up  the  various  lines  it  is  not  necessary  to 
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bring  undue  strain  on  them  by  springing  them  into  position  to 
correct  small  errors  in  cutting  to  wrong  lengths. 

In  actual  practice  a  combination  of  the  two  methods  will  save 
time  and  give  satisfactory  results.  Thus,  where  there  is  a 
fittle  margin  for  adjustment  in  making  up  a  line,  as  for  instance, 
the  pump  lines  to  hot  well  with  their  lock  nut  joints,  such  lines 
can  be  proportioned  *'by  eye." 

The  pipe  fitting  for  the  installation  shown  in  fig.  5,318,  should 
be  done  about  as  follows: 


1 


HOT  WELL 


AIR  PUMP 


I051B 


|iii|m|iii[^i|iii|^cpii^ 


Pio.  5.306. — Detail  of  air  pump  connecticoa  to  hot  well  showing  method  of  measuring  fope 
length. 


Place  the  hot  well  in  position  close  to  the  side  of  the  boat  Now  make  up 
the  short  line  between  the  feed  pump  and  hot  well,  proportioning  the  two 
short  nipples  (by  eye)  so  that  the  lock  nut  joint  will  come  in  the  nght  posi- 
tion Screw  up  lock  nuts  temporarily  by  hand.  This  locates  the  position 
of  the  hot  well.  In  making  up,  be  careful  that  the  tee  outlet  points  hori- 
zontally and  that  the  check  valve  cap  is  on  top.  The  air  pump  connection 
should  be  made  next. 

To  get  the  length  of  the  pipe,  hold  the  elbow  up  against  the  inlet  hole 
in  end  of  hot  well  and  measure  from  the  face  of  air  pump  connection,  to 
the  face  of  elbow  as  shown  in  fig.  5,306.  Now  the  size  of  the  pipe  h^mg 
one  inch,  a  margin  of  ^^  in.  must  be  allowed,  according  to  table  on  page  2,9(» 
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in  order  to  make  a  tight  jdnt.    Hence,  total  length  of  pipe 
pump  and  dbow  is 

Cut  pipe  to  13^  ins.  in  length,  and  thread  eodi  end.  Screw  elbon  on 
one  end  before  talong  pipe  out  of  vise.  'liie  {ripe  is  screwed  into  air  pump 
outlet  and  on  the  last  turn  briim  dbow  fair  with  hole  in  hot  well.  Unscrew 
lode  nut  on  feed  pump  connection  and  remove  hot  well .  Screw  mto  elbow  a 
close  nipple  with  long  thread  at  Uie  other  end,  with  one  lock  nut  screwed  on. 
Now  replace  hot  wdl  and  make  up  permanently  the  two  lock  nut  joints, 
uang  gaskets  or  packing  and  red  lead  to  make  tight  joints. 


K-i — 


Figs.  5,307  to  5.317.— Gciuial  dimensioDi  of  Cnns  sUodird  malluble  iron  seiEired  fittingB. 
The  referencB  ietteis  refer  to  the  table  below. 

General  Dimensions  Crane  Standard  Malleable  Iron  Secrewed  Fit Hngs. 


In  order  to  avoid  frequent  chanee  of  dies  in  the  stock,  it  is  well  to  make 
up  lines  of  one  size  when  it  can  be  conveniently  done,  before  taldng  up 
another  size;  this  avoids  variations  due  to  readjustment  of  dies  when 
adjustable  dies  are  used.  Accordingly  the  feed,  make  up,  and  overflow 
lines  being  of  the  same  dze,  these  should  be  made  up  before  changing  the 
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HOT 
WELL 


%i) 


16 


5' 


# 


Pig.  6,319 .-;-Center  line  sketch  with  dimensions  for  the  method  of  pipe 
fitting  entirely  by  measurement.  This  should  not  as  a  rule  be  an  elabcwate 
drawing,  but  simply  a  free-hand  pencil  sketch.    Frequently  such  sketch 

is  made  by  the  fitter  when 
beginning  the  job  and  serves 
not  only  as  a  dimension  sheet 
but  as  a  guide  for  the  general 
pipix^  scheme  which  the  fitter 
has  in  mind.  It  should  be 
understood  that  with  the  mul- 
tiplicity of  fittings  available 
there  are  any  number  of  ways 
in  which  the  piping  may^  be 
arranged  and  the  fitter's  ability 
may  be  judged  by  the  general 
arrangement  of  piping  which 
he  adopts. 


uJ 

2 


FEED 
PUMP 


O A ^ 


TOO  SHORfT 


MAKE  UP^ 
JOINT) 


Figs.  6,320  and  6,321. — ^Detail  of  feed  line  ready  to  "make  up".    Fig.  5.320  shows  poor 
workmanship,  nipple  E,  being  too  short  rendering  it  difficult  to  brinjp;  together  the  nxake 
'«D  joint .    Pig .  5 ,32 1  shows  good  workmanship;  here  the  male  end  of  the  union  will  easily 
ring  back  into  position  in  making  up  the  joint. 
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Make  a  center  line  sketch  of  these  lines  with  dimensions  &a  in  fig.  5,318, 
Pipe  up  first  the  feed  line.  This  line  as  shown  consists  of  pipes  A,BjC, 
D3,  pump  connection  1,  and  fittings  2,3,4,5  and  6.  Now  determine 
overall  dimensions  of  A,B,C,D,E,  thus: 


Allow  for 

Distance 

Fitting 

of  fitting 

Overall 

inches 

length 

(subtract) 

(add) 

pipe 

A 

1'8' 

m 

H 

IS^Hi 

B 

3'T 

1^ 

4iH 

C 

6' 

D 

2' 

•ivl 

•22% 

B 

1'4' 

m 

H 

UH 

FiGA.  £.319.— ^Detail  of  m  poftion  of  the  feed  liiw  libomns  method  af  determintag  leogtb  of 


Figs.  5,307  to  5,317  show  standard  malleable  iron 
reference  letters  indicating  the  general  dimensions  i: 
table: 

To  determine  overall  dimensions  of  pipe  A,  note  in  fig.  5,318  the  distance 
between  pump  connection  face  and  center  of  elbow  2,  is  1  foot  8  inches,  or 
20  inches,  as  shown  in  detail  in  fig.  5,319.  From  table  above,  the  distance 
from  center  of  fitting  2,  to  face  is  1^  inches  and  from  table  (page  2,903), 
length  of  thread  whuih  must  be  screwed  into  fittiug  to  make  a  light  joint 
is  (for  J^  inch  pipe)  J^  inch.  Accordingly,  from  fig,  5,319  the  length  of 
pipe  A  is  clearly; 


•  NOTE.— Prom  L 
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There  is  no  hard  and  fast  rule  of  procedure.  The  experienced  fitter  will 
do  a  considerable  proportion  of  the  piping  "by  eye,"  only  taking  measure- 
ments where  necessary. 

Ilie  exhaust  pipe  is  of  copper  bent  to  template,  with  flanged  connection 
at  each  end.  The  condenser  tubes  are  made  tight  by  stuffing  boxes  in  the 
headers.    The  return  to  air  pump  is  standard  weight  pipe  with  screw  joints. 

Fig.  5,306  shows  the  main  steam  pipe  with  an  elbow  connecting  th« 
horizontal  with  the  vertical  length;  a  better  job  would  consist  of  bending 
the  pipe  in  place  of  elbows.  This  should  preferably  be  done  with  proper 
fadhties  at  the  shop,  unless  the  fitter  be  experienced  in  bending  and  has 
proper  facilities  at  hand. 

Properties  of  Standard  Wrought  Pipe 
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8 

10.750 

10.192 

279 

33.773 

32.019 

90.763 

81.585 

9.178 

.355 

.374 

1.765     31.301 

33.000 

8 

10  750 

10.136 

.307 

33.772 

31  843 

90.763 

80.691 

10.072 

355 

.376 

1.785     34.240 

35  000 

8 

10.750 

10  020 

.365 

33.773 

31.479 

90.763 

78  855 

11  908 

355 

381 

1.826     40.483 

41  133 

8 

11  750 

11  000 

.375 

36.914 

34.558 

108.431 

95  038 

13.401 

325 

.347 

1.515     45.557 

46.347 

8 

12.750 

12  000 

.330 

40.055 

37  083 

127.676 

114.800 

12.876 

.299 

.315 

1.254     43.773 

45.000 

8 

" 

12.750 

12.000 

.375 

40  055 

87.699 

127  676 

113.097 

14.579 

399 

.318 

1.373     49.563 

50.708 

8 

NOTE. — Pipe  practice  or  customs  of  the  trade:  On  orders  calling  for  commercial  sizes  of 
pipe  to  be  fumishedwith  threads  and  couplings  in  sizes  ^  to  12  inch,  inclusive,  where  orders 
specify  quantity  in  lineal  feet  it  is  understood  that  random  lengths,  threaded  both  ends,  with 
coupling  on  one  end,  will  be  shii)ped,  and  the  measurement  is  charged irom  end  to  end,  that 
is,  over  all  including  couphng.  Orders  or  inquiries  covering  cut  lengths  of  any  size  should 
specify  whether  plain  ends,  threads  only,  threads  and  couplings,  or  flanges  are  required.  ^  A 
««»oarate  charge  is  made  for  couplings  or  flanges,  cither  loose  or  screwed  on  pipe,  when  pipe 

lered  cut  to  specified  lengths.— Con<»fiu«d  tn  page  2,010. 
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Pump  connecUon  tac  |  ^  ^^^^  ^^  ^  _  |  cen^  to  f ace  1  +  .^read  at  S  -  length  of  r>ipo 
centeroffittui«2      J  otnnmg      ] 

20  +     H    —      nii     +     yi    -     i9»J6 


.~"i 


Similarly  for  pipe  B: 

^^fe^fitti^*/*"  I  "^  I     ^  T/fittiSg**"**  I  —  2  X  thread  -  length  of  pipe 

4?  +  2Xl5ifi        —    2XH   =       445^ 

In  like  iiianner  the  lengths  of  pipes  C,  D,  E,  are  obtained. 

Cut  and  thread  all  these  pipes  except  pipe  E.  Start  at  the  feed  pump 
and  make  up  the  line  up  to  L),  including  end  x,  of  tmion  5. 

Now  "with  the  union  screwed  together  temporarily,  measure  the  distance 
between  faces  of  the  union  6  and  tee  6.  The  sum  of  this  distance  plus  the 
distances  from  center  to  face  of  fittings  will  probably  vary  a  little  from  the 
dimension  1  foot  4  inches,  due  to  inaccuracies  in  make  up  and  cutting. 
Hence,  to  avoid  strain  on  the  line  (assvuning  tee  6,  fig.  6,318)  to  be  fixed, 
make  length  of  pipe  E,  equal  to  measured  distance  between  faces  of  fittings 
plus  1  inch  margin  for  both  threads. 

After  cutting  threads  on  both  ends  of  pipe  E,  screw  on  the  y  end  of  union 
6,  while  the  pipe  is  in  the  vise.  If  y  be  the  ring  end  of  the  union,  be  sure 
the  ring  is  on  b^ore  screwing  the  pipe  into  tee  6.  To  make  up  the  union 
^>ring  both  ends  into  place  and  screw  on  the  ring  firmly,  thus  completing 
the  feed  line. 

In  a  similar  manner  next  pipe  up  the  make  up  line.  Start  at  tee  7'  and* 
make  up  the  line  to  reducing  tee  9.  If  the  measurements  and  work  are 
accurate,  this  tee  should  be  in  alignment  with  by  pass  valve  4;  if  much 
out,  the  length  of  pipe  F,  must  be  changed.  Get  t  ao  short  nipples  I  and 
J,  and  make  up  the  section  consisting  of  these  nipples,  valves  10  and  12, 
and  union  11.  Cut  and  thread  pipe  K,  and  make  up  the  line  from  valve 
10  to  pipe  L.  See  that  the  valves  point  right  and  pipe  L,  to  the  bottom  of 
the  tank. 

Next  pipe  up  the  overflow  line  from  valve  12  to  overflow  pipe  15  in  hot 
well.  The  locknut  14  should  now  be  firmly  screwed  up  a^amst  packing 
to  make  a  water  tight  joint.  Pipe  H,  can  now  be  measured,  cut  and 
threaded.  Before  removing  it  from  the  vise  tuiscrew  ring  of  union  11  and 
screw  on  valve  10.  Remove  from  vise  and  screw  the  other  end  of  pipe  H, 
into  tee  9.  Spring  into  place  and  make  up  tinion  1 1 ,  thus  completing  the  line. 

After  all  the  J^-inch  piping  has  been  installed,  change  dies  to  3^-inch  size. 

First  find  by  measure  length  of  pipe  M,  and  N.  Cut,  thread  and  make 
up  the  by  pass  Hne.  If  the  work  has  been  accurate,  there  sKotud  be  no 
trouble  in  making  up  imion  20.  Th«  rest  of  the  screwed  piping  is  put 
together  in  a  similar  manner. 
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Propertlea  of  Extra  Strong*  Pipe 


Properties  of  Double  Extra  Stronft*  Fips 


•NOTE,— Tfco  word  h«arir  waa  fotmerly  used  in  pUce  of  ilmng. 
NOTE. — Pipe  practica  or  customs  of  Iht  trade;    Orders  for  pipe  larger  tliBO  12  in 
pipe  it  jiAted  and  carried  in  Etocjc  threaded  and  coupled  and  will  be  shipped  unlse 

ylain  end^  only  and  will  be  go  shipped  unlca 
made  for  threads  and  couplinsa  on  the»  wei 


feet  and  Bhorter.    Random  lengths  of  e: 
leredtobo  12  to  22  feet,  dealer  to  have         , 

■      '    lengths  6  to  12  leet.  _  For  cut  lengths  of  any  sko  an  eiitra  charge  ahovoraodom 


ngtha  of  eKtra  etrons  and  double  extra  stTong  plpo  arv 
rr  to  have  privilege  of  aupiiLying  not  toenceed  operce 

For  cut  lengths  of  any  ako  an  entra  charge  ahovorai 

will  be  made.    For  gaWsniied  or  asphalted  pipe  an  extra  charge  above  bladl  will  be 
"lea  8. 10  and  12  inch  Etandardpipe  are  listed  in  several  weights  aodord«i»  at'--  ' 
I  specify  the  weight  reauired. 
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CHAPTER  83 
HEATING  AND  VENTILATION 


A  great  variety  of  methods  have  been  tried  for  heating  build* 
higs.  Many  of  these  are  more  or  less  objectionable,  and  yet  they 
are  still  in  use.    These  various  methods  may  be  classified 

1.  With  respect  to  the  medium  which  conveys  the  heat,  as 

a.  Air. 
h.  Water. 

c.  Steam. 

d.  Electricity. 

2.  With  respect  to  the  location  of  the  source  of  heat,  as 

a.  In  the  room  to  be  wanned  { JfJijJI"*** 

Sturnac99 
boiUn 
dynanuM 

3.  With  respect  to  their  efficiency  and  desirability,  as 

a.  Fire  places  (oldest  and  poorest  method) . 
b*  Stoves. 

c.  Hot  air  furnaces. 

d.  Steam. 

e.  Hot  water. 

/.  Electricity  (under  very  special  conditions). 

Of  the  various  systems,  steam  and  hot  water  heating  are  the 
most  important. 

Fire  Places. — ^The  old  fashioned  open  fire  place  is  the  oldest  and  poorest 
method  of  heating.  The  only  advantages  it  possesses  are  its  action  in 
ventilating  a  room,  and  the  cheerfulness  that  an  open  fire  affords.  The 
carrying  in  and  out  of  coal  and  ashes  renders  this  a  dirty  method  of  heating, 
and  one  that  reqtxires  frequent  attention. 
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adequate  in  cold  weather  and  should  be  c 


cold  enough  t< 
Stovet. — Much  n 


I  system  of  heating. 


e  efficient  is  a  stove  than  a  fire  place  for  heating  a 
room,  ror  a  large  room  or  small  house,  where  one  stove  will  furnish  all 
the  heat  needed,  it  is  the  cheapest  and  most  economical  system  to  install, 
especially  if  conditions  permit  a  long  length  of  the  stove  pipe  within  the 
room,  BO  as  to  absorb  a  proper  amount  of  heat  from  the  escaping  gases. 

Stoves,  however,  have  several  objections.  The  metal  of  the  stove  is 
heated  to  a  vety  high  temperature  which:  robs  the  air  of  its  oxygen,  causing 
headache  unless  adequate  ventilation  be  maintained;  unless  the  dampers 
-d-^i;  ■'■'■■■■  ■'>■'■ 

SMOKE  PIPE 


1.  3.32S  (nd  3,326, — Dons  and  douUe 
diator  of  Mueller  hot  air  luiamct  eliowjrif 
nstnictioD  and  path  o£  gasea. 
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be  properly  manipulated  there  is  danger  from  the  gases,  especially  in 
sleeping  rooms;  considerable  attention  is  required  to  produce  an  even 
temperature;  the  HanHlitig  of  the  coal  and  ashes  requires  considerable 
cleaning  and  dusting. 

Hot  Air  Furnaces. — ^These  are  not  much  more  satisfactory 
than  stoves,  and  nearly  all  of  them  ai«  too  small.  They  are  only 
used  by  people  who  do  not  think  further  than  first  cost,  and  who 
are  afraid  of  being  blown  up  by  the  mere  mention  of  the  word 


Fig.  5,327. — Method  of  hot  air  heating  with  outside  and  inside  air  circulation.  The  air  to  be 
heated  enters  the  furnace  through  a  duct  at  A.  This  air  duct  connects  with  a  circulating 
register  B ,  and  is  open  to  the  outside  atmosphere  at  C,  either  of  which  may  be  closed  by  a  damper 
at  B  and  C.  When  B ,  b  closed  all  the  air  to  be  heated  comes  tnfrom  the  outside  through  C, 
thus  heating  and  ventilating  at  the  same  time.  When  C  is  closed  (B  open) ,  no  air  is  taken  in 
from  the  outside,  the  inside  air  circulating  between  the  furnace  and  rooms  to  be  heated.^  A 
combination  of  the  two  methods  may  be  obtained  by  placing  the  dampers  at  intermediate 
positions.  Any  hot  air  furnace  system  is  objectionable  and  has  nothing  to  recommend  it 
except  first  cost,  and  this  is  a  poor  recommendation. 


"steam.*'  A  hot  air  furnace  is,  in  eflEect,  a  stove  in  the  basement 
with  large  air  flues  to  conduct  the  heated  air  to  the  various  rooms 
of  the  house.  This  method  of  heating  is  condemned  by  physi- 
cians as  unsanitary,  because  the  heating  surface,  being  main- 
tained at  a  very  high  temperature,  devitalizes  the  air,  and  due  to 
constant  expansion  and  contraction  of  the  metal,  the  joints 
begin  to  leak,  thus  letting  dust  and  gases  escape  into  the  living 
rooms. 
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There  are  two  methods  of  heating  by  hot  air  furnaces: 

1.  Where  aU  the  air  for  both  heating  and  ventilation  is  taken 
from  out  doors  and  exhausted  from  the  building. 

2,  Where  only  the  air  for  ventilation  is  taken  from  outdoors, 
and  additional  air  is  recirculated  through  the  furnace  from  tha 
building  itself. 


fi,32S.^Mue11er  plpaltiu 


^ —  house,  the  inner  and  outer  casing  ara  both  c&rnAd 

lastened  to  B  large  floor  resister.  In  operation  the  wi 
Eteady  cuircnt  up  through  the  inner  circle  of  the  re^l 
ire  house.    The  cold  air.ljei 


ling  heavier,  deacenda  to  the  floor  and  find*  i> 
.  _.. ■■  of  the  reeiater  into  the  Bi*ac*  between 
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m  stated  hy  tbe 

»o[  a  coniUned  eysteni are appannt  to aiiirone familiar 
an  bfi  mofit  «asilr  reached  by  warm  bit  pip«5»  and 
:r  radiatcifl  and  gmaller  onea  ara  requir^  than  with 

w3  and  anglea  are  easily  protected  vith  the  direct 
warm  them  with  a  furnace  nnly.     In  mild  weather. 

dinct  BteaTTt  plant  would  Tender  tlie  building  intolerable;  Eince  no  heat  would  be  obtainable 

TheradtatoTS  being  placed  in  the  most  exposed  paitiona  of  the  buil^a  heated  with  a  com' 
Inied  apparatus ,  inEeverecoldorwindy  weather  an  even  temperature  is  maintained  through- 
out all  the  apartments,  while  the  fresh,  invisoiating  warmed  air  fnmi  the  nsiiteia  givei  a 
■cat  and  tone  to  the  indoor  atmospbere  like  that  of  a  June  monuag." 
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The  first  method  which  is  the  one  generally  used,  is  an  exceedingly 
wasteful  one,  especially  in  cold  weather.  Although  it  is  claimed  to  be  pos- 
sible to  heat  a  building  by  the  second  method  as  economically  as  with 
steam  or  hot  water,  the  escaping  gases  through  leaks  in  the  furnace  would 
preclude  the  use  of  this  method  where  there  is  any  regard  for  health. 


1 

STEAM  HEATING 

This  is  a  very  eflEective,  and  sometimes  too  effective  method  of 
heating.  In  its  various  forms  it  is  probably  more  widely  used 
than  any  other  system,  being  adapted  to  almost  any  type  of 
building. 

Some  advantages  of  steam  heating  are  the  ability  of  heating 
all  rooms  uniformly,  regardless  of  their  location  or  the  direction 
of  the  wind,  a  condition  which  seriously  affects  heating  with  hot 
air  furnaces;  steam  is  quickly  raised  in  the  morning  and  when  a 
radiator  is  shut  off  the  small  amount  of  condensation  remaining 
is  not  sufficient  to  cause  freezing. 

The  disadvantages  are  lack  of  control,  and  devitalizing  effect 
on  the  air  due  to  the  high  temperature  of  the  radiating  surfaces. 
The  first  objection  has  given  rise  to  numerous  modified  systems 
of  steam  heating  which  render  steam  as  a  heating  medium  as 
satisfactory  as  hot  water. 

The  various  systems  of  steam  heating  may  be  classified: " 

1.  With  respect  to  the  working  pressure,  as 

o.  Low  pressure  (1  to  10  poimds). 

h.  Atmospheric  pressure  (so  called  "vapor"). 

c.  Vacuum. 

d.  Combined  vacuum-vapor. 
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2,  With  respect  to  the  method  of  piping,  as 


A 


a.  One  Pipe 


b.  Two  Pipe       { 


relief 

circuit  STBtem 

divided  circuit  system 

circtiit  system  with  loop 

dry  returns 

wet  returns 

underconnected 

overhead 

under  feed 
over  feed. 


3.  With  respect  to  the  method  of  transmitting  the  heat,  as 


a.  Direct. 

b.  Indirect. 


LOW  PRESSURE  STEAM 

SYSTEMS 

There  are  two  principal  low-pressure  steam  systems,  the  one 
pipe  arid  the  two  pipe,  the  circuit  being  modified  in  various 
ways  to  suit  conditions. 

When  it  is  necessary  to  install  steam  heat  in  a  long,  narrow  building, 
where  the  radiators  are  all  placed  along  the  outside  wall,  the  one  pipe 
system  is  especially  suited. 

For  ordinaty  work  it  is  preferred  to  the  two  pipe  system,  although  the 
latter  is  in  favor  with  some  fitters.  The  cost  of  installation  is  less  with 
the  one  pipe  system,  even  with  the  smaller  size  piping  used  with  the  two- 
pipe  system. 

It  is  customary  when  using  the  two  pipe  system  to  reduce  the  size  of 
the  main  as  the  various  radiators  are  taken  off.  Caution  should  be  exercised 
not  to  overdo  this,  in  order  to  guard  against  inefficient  operation  of  the 
remote  radiators,  making  it  necessary  to  carry  excess  pressure  on  the  boiler 
to  insure  proper  operation  of  all  the  radiators. 

One  Pipe  Underfeed  Relief  System. — There  are  various 
piping  arrangements  of  the  one  pipe  system.  Fig.  5,331  shows 
what  is  called  the  one  pipe  relief  system . 
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tt3Sld 
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Connected  to  the  main  outlet  A,  are  two  or  more  branch  mains,  AB,  and 
AC,  which  supply  the  various  risers. 

Steam  is  suppHed  to  each  radiator  and  the  condensation  removed  by  a 
single  pipe  or  nser,  hence  the  name,  "one  pipe  system." 

The  condensation  returns  to  the  boiler  by  gravity  through  drip  pipes, 
which  are  virtually  continuations  of  the  risers  below  the  branch  mams, 
and  which  connect  with  the  return  pipe  so  that  the  condensation  will  flow 
back  into  the  boiler. 

Ques.  What  is  the  difference  between  a  wet  or  sealed, 
and  a  dry  return? 

Ans.  A  wet  return  is  placed  below  the  water  level  in  the  boilei', 
whereas  a  dry  return  is  above  the  water  level. 

Fig.  5,331  shows  both  wet  and  dry  returns. 

Ques.    What  is  the  advantage  of  a  wet  return  ? 

Ans.  It  seals  the  drips  from  the  risers  and  prevents  steam 
at  a  slightly  higher  pressure  entering  the  return. 

Ques.  Describe  the  operation  of  the  system  shown  in 
fig.  5,331. 

Ans.  Steam  (usually  at  from  1  to  5  pounds  pressure),  passes 
from  the  boiler  to  the  branches,  AB,  and  AC;  these  branches 
being  slightly  inclined,  any  water  in  the  steam  draws  into  the 
drip  pipe.  The  steam  passes  through  the  risers  to  the  radiators, 
where  its  heat  is  radiated  in  warming  the  rooms,  thus  causing 
condensation.  The  risers  being  of  liberal  size,  the  condensation 
is  carried  by  gravity  against  the  direction  of  flow  of  the  steam, 
and  deposited  in  the  drip  pipes,  where  it  gravitates  via  the  returns 
to  the  boiler. 

A  characteristic  feature  of  such  systems  is  that  there  is  a  sli^t  difference 
in  pressure  in  the  different  parts  of  the  system  due  to  the  f notional  resis- 
tance offered  by  the  pipe  to  the  flow  of  the  steam,  this  flow  varying  because 
of  more  rapid  condensation  in  some  radiators  than  in  others.    Thus,  i£  the 
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water  level  in  the  boiler  be  at  1)^  then  in  operation,  with  a  wet  return  (fig. 
5,331),  the  pressure  difference  will  be  balanced  by  the  water  standing  at 
different  levels  in  the  different  drip  pipes,  as  at  E,  and  F. 

When  it  becomes  necessary  to  carry  the  return  pipes  overhead  to  clear 
doorways,  or  for  any  other  reason,  the  effect  of  a  wet  return  may  be  obtained 
by  attaching  a  siphon  to  the  bottom  of  the  drip  pipe  as  shown  at  the  left 
in  fig.  5,331.  The  water  from  the  drip  falls  into  the  loop  formed  by  the 
siphon  and  after  it  is  filled ,  overflows  into  the  dry  return.  The  water  will  rise 
to  different  heights  G,  and  H,  in  the  legs  of  the  siphon  to  balance  the  differ- 
ence in  pressure  at  points  P,  and  P'.  Now,  if  the  siphon  were  omitted  and 
the  drip  pipe  connected  direct  to  the  dry  return,  then  there  would  be  a  ten- 
dency for  the  condensate  in  the  dry  return  to  back  up  instead  of  draining 
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Fig.  5,332. — DetaU  of  boiler  and  returns  of  fig.  6,331.  showing  effect  of  pressure  variation  in 
different  parts  of  the  system.  In  general,  there  is  a  gradual  reduction  of  pressure  as  the  steam 
flams  from  the  boiler  to  the  remote  parts  of  the  system.  This  is  due  to  the  frictional  resistance 
offered  by  the  pipe  and  fittings  to  the  flow  of  the  steam.  Hence  this  variation  in  pressure 
only  exists  when  the  steam  is  floiving  in  the  pipes  and  in  order  for  the  steam  to  flow  in  the  pipes 
there  must  be  condensate.  Now,  in  the  figure,  when  the  plant  is  in  operation  with  condensa- 
tion taking  place  in  the  radiators  and  draining  into  the  dnp  pipes,  suppose  the  pressure  in  the 
boiler  be  6  lbs;  in  drip  1,  4  lbs,  and  in  drip  2,  3  lbs.  Then,  to  balance  these  pressure 
diflferences  the  water  will  rise  in  drip  1  to  L  2.3  ft.  above  the  water  level  in  the  boiler  be- 
cause there  is  a  pressure  difference  of  6—4=  1  lb.  and  the  weight  of  a  column  of  water  2.3  ft. 
is  1  lb.  for  each  sq.  in.  of  cross  section.  Similarly,  for  drip  2,  the  pressure  difference  is  2  lbs. , 
hence  the  water  will  rise  twice  this  distance  above  the  water  level  in  the  boiler,  or  2.3  X2=- 
4.6  ft.  to  balance  the  2  lbs.  pressure  difference. 

into  the  boiler  because  the  pressure  in  the  drip  pipe  at  P,  is  g-eater  than  the 
pressure  in  the  dry  return.  Fig.  5,332  shows  in  detail  the  dffect  of  pressure 
variation. 
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BIGHT    WAY  in   he  WRONG  WWf 

Figs.  5,336  and  5,337. — ^Riglit  and  wrong  methods  of  connecting  main  to  riser. 


•v^.'.- 


Pig.  5,338. — Method  of  by  i>asaing'  a  trap.  It  i»  pood  practice,  ihotigh  not  necessary 
exce^  in  special  cases,  to  install  eadi  trap  with  a  by  i>ass,  with  valve  on  either  side  of  the  trai^ 
and  m  the  by  pass. 


7 


^ 
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WATER 


NOTE.  HOW  AREA  IS  REDUCED 


WATER 


X'IGS.  5,389  to  5,341. — ^Patdty  pining  methods.    Pig.  6,33l9  shows  a  water  pocket  formed 
beoause  of  lack  of  pitch,  and  fig.  5,340,  another  pocket  formed  by  sag  in  pipe.    These 
pockets  reduce  the  area  available  for  the  now  of  steam  with  resulting  loss  in  efficiency.    Pig. 
"*1  shows  a  water  pocket  formed  by  reducing  without  using  an  eccentric  fitting. 


HEATING  MUD  VENTILATION  3,928 

Ques.  How  should  the  tIsots  be  connected  to  the  steam 
mains,  and  why? 

Ans .  45  "  elbows  should  be  used  so  that  the  condensation  will 
drain  along  the  metal  of  the  pipe  and  fittings  instead  of  dropping 
directly  into  the  steam,  which  would  tend  to  saturate  and  cool 
the  steam. 


Pigi.  5333  and  6,331  show  tb«  right  and  vraong  way  of  connecting  ri 


^-^-j-^-5^:^ 


Vise.  5.342  and  6^43.- 


through  tha  [upe 
fracture  it,  produc 


id  6,343. — "Water  honuner    caused  by  uass  ordinRry  fittinn  ci 

fittinsi.    la  aoiDe  itiatntiiyn  (upecially  dq  long  liii«1 ,  a  tuddcD 

[u^  will  hurl  the  vratcr  affaiiut  the  elbow  at  the  end  with  auct 

'hct  M  though  the  fitting  wBn  (truck  a  violi 


Oues.    Where  the  riser  is  connected  direct  to  a  drip 
pipe,  how  should  It  be  connected  to  the  main? 

Ans.     By  a  45 "elbow  looking  downward,  as  in  fig.  5,335. 
Ques.    How  are  water  pockets  avoided  In  reducing  the 
size  of  mains? 

Ans.     By  the  tue  of  ecoentric  fittinge,  as  in  figs.  5,474  and  S,4T'' 
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Figs.  5,144  and  5,145  (page  2,859)  show  eccentric  reducing  tees. 

Ques.    Why  is  such  precaution  advisable? 

Ans.  Because  a  sudden  rush  of  steam  occasioned  by  opening 
a  radiator  might  take  up  the  water  and  project  it  with  great 
velocity  and  force  against  any  turn  in  the  direction  of  the  main, 
this  effect  being  known  as  water  hammer. 

Ques.    What  trouble  is  sometimes  encountered  with 


VERY  LITTLE  METAL  HERE         pifCH 


FITTING 
WITHOUT 
PITCH 


WRONG  WAY 


3- 


Pigs.  5,344  and  5, 345. — Right  and 'wrong  way  of  making  up  coils  and  lines  where  pitch  is  re^ 
quired  for  drainage.  In  firet  class  work,  "j>itch  fittings"  are  used  to  secure  the  proper  incli- 
nation of  a  pipe,  but  on  the  usual  botch  job,  an  ordinary  fitting  is  used  and  a  drunken 
thread"  cut  on  the  pipe.  Evidently  such  method  of  threading  not  only  gives  a  poor  joint, 
but  one  which  because  of  the  deep  cut  on  one  side  of  the  pipe  is  liable  to  leak  in  time  by 
eating  away  of  the  thin  metal  due  to  corrosion.  On  heating  jobs  such  work  should  be 
rejected. 

radiators  located  at  elevations  near  the  level  of  the  water 
in  the  boiler,  and  why  ? 

Ans.  On  long  lines  where  there  is  considerable  reduction  of 
presstire,  the  water  sometimes  backs  up  into  the  radiator,  as  in 
"^.  5,346,  thus  interfering  with  its  operation. 
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WATER  LEVEL 
IN  BOILER 


^      WET  RETURN 


excessively  large.  Instead  of 
a  steam  main  encircling  the 
basement  it  is  carried  directly 
to  the  attic,  forming  a  central 
riser  for  all  the  radiators.  It 
branches  in  the  attic  to  the 
drops  or  down  flow  supply 
pipes,  which  serve  the  various 
radiators  as  shown  in  fig. 
5,347. 

Since  steam  and  condensa- 
tion flow  in  the  same  direc- 
tion iti  the  down  flow  pipes 
and  the  riser  contains  only 
steam,  these  pipes  can,  as 
must  be  evident,  be  smaller 
than  in  the  under  connected 
S3rstem,  as  shown  in  fig.  5,331 . 

One  Pipe  Circuit  System. 

— For  a  rectangular  building 
of  low  or  moderate  height 
the  steam  main  is  conven- 
iently carried  entirely  around 
the  basement.  Risers  are 
tapped  from  the  main  at 
various  points  to  serve  the 
radiators.  The  main  being 
inclined  from  beginning  to 
end,  the  condensation  drains 
in  the  same  direction  as  the 


Fig.  6347.'^— So  called  "one-pit>e"  overhead  system  as  installed  in  tall  buildings.    Its  featuiw 
are  uniflow  of  steam  and  condensation,  which  permits  the  tise  of  snaaller  pipes. 
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iteam  flows,  being  carried  to  the  drip  pipe,  thence  into  the  boiler. 
Since  there  is  no  return  pipe  as  with  the  relief  system,  the  circuit 
srrangement  is  less  expensive  to  install. 

Pig.  5,350  shows  the  general  arrangement  of  the  system,  it 
being  the  same  as  the  reUef  system  with  exception  of  the  steam 
main,  and  absence  of  a  return. 
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^iG.  5,348. — Steam  loop  method  of  operatiiis  radiator  placed  below  level  of  water  in  boiler. 
In  ^e  steam  loop  the  condenser  element  may  consist  of  a  pipe  radiator  placed  on  floor  above 
boiler.  The  liberal  condensing  surface  thus  provided  will  render  the  loop  very  active  in 
lemovins  the  condensation  ana  at  the  same  time  the  hftat  radiated  from  the  condenser  is 
utilized  in  heating.  The  drop  leg  is  provided  with  a  drain  cock  D,  and  the  connection  to 
boiler,  with  a  check  valve,  to  ttart  the  auMtem,  turn  on  steam  at  the  boiler  and  open  D, 
until  steam  appears.  ,  The  condensation  of  steam  in  the  condenser  (upper  radiator)  will 
cause  a  rapid  circulation  in  the  riser,  carrying  with  it  the  condensation  from  the  radiator, 
which,  in  passing  over  the  goose  neck^  cannot  return,  but  must  gravitate  through  the  upper 
radiatcM*  and  drop  leg  past  the  check  valve  and  into  the  boiler.  The  pipe  at  the  bottom  of 
the  main  riser  which  acts  as  a  receiver  for  the  condensate  from  the  lower  radiator,  should  be 
one  or  two  siws  larger  than  the  pipe  in  the  main  riser. 
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Any  airaogement  of  the  steam  and  return  main,  such  as  the  relief  circuit, 
divided  circuit,  etc.,  may  be  adopted  to  suit  the  requirements  of  the  build* 
ing.  Risers  are  connected  to  the  steam  main  at  suitable  points  to  serve  the 
radiators,  and  down  flow  or  drip  pipes  connect  the  ratnator  outlets  with 
the  return  main,  as  shown  in  fig.  5,353. 
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If  manufacturers  of  special  steam  heating  systems  working  at 
atmospheric,  or  less  than  atmospheric  pressure,  would  stop 
trying  to  appear  learned  by  using  such  studied  terms  ^s  fractional 
control^  modulation^  ihermo-seal,  vapor,  syphon^  etc.,  etc.,  in 
describing  their  apparatus,  and  get  down  to  plain  English,  so  as 
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6CALC:  POCKE.T 
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Figs.  3,358  to  5,361. — Dunham  piping  suggestions  for  traps.  Fig.  5,363,  trap  used  on  waH 
oofl;  ng.  5,359,  trap  used  on  oeiling  coil;  fig.  5,360,  trap  used  on  deep  end  of  steam  maic^ 
fig.  5,361 ,  trap  Used  to  disperse  in  steam  main.  In  applying » traps  to  pipe  coils  they  should 
be  installed  as  here  shown.  A  aeale  pocket  should  be  provided  at  the  ooUom  o/  the  retmtm 
header  and  in  front  of  the  trap.  When  a  trap  is  used  for  dripping  steam  piping  it  should  be 
installed  with  at  least  four  feet  of  connecting  piping  between  it  and  the  point  drix>ped.  A 
liberal  scale  pockei  should  be  provided  also  a  valve  in  the  connection  to  the  trap.  When 
used  for  dripping  the  end  of  a  steam  main,  the  latter  should  enter  beyond  the  last  used  con- 
nection and  be  provided  with  a  full  sized  scale  pocket.  A  rise  or  jump  up  in  a  steam  main  is 
dripped  as  in  fig.  3,360.     Down  feed  risers  require  individual  drips  and  traps. 
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IPic  £362. — Dewertri-dntyHraiidvKCuamtnpM  Died  oa  the  ImicD  combined  I 
orvamtn  and  vacumn  ij^tem.  Thii  tmp  u  pUesd  on  the  r«mn  line  npt  len  i 
above  wstei  Itna.  Duplirum  A,  is  atteched  to  presson  main  by  amall  coppn 
iKH^ally  vnlvo  C,  stands  cTosod  and  held  to  Beatl)/  light  coil  spring.  Wben  firs  ii  started 
in  boater,  air  is  expanded  and  mflaCa)  dianhragin  A.  and  opens  valve  C,  vtuch  lemain* 
open  as  Ions  as  tlien  it  anr  pnsnirs  on  boiler.  The  ttteun  passes  into  ndwton  at  tbe  top 
fSt^ia  Bir  ■ut'*  ntum  tine  and  out  thnwgfa  openins  D,  into  float  chamber  B,  pasunc  into 
apaniDsP-*iidf<i'>^'*>l^Ctt°**>»°*pliB»-  Uodnlatins  valves  are  SMd  on  the  ladia- 
tM.  It  ■team  MIS  thnn^  radtatoti  and  into  tetuin  line  aadinto  float  ■•>■  ■■"'■"  B ,  eipand- 
iny  tbermoatatio  float  G,  dOHt  valve  H.  U  tbe  Bt«am  pressuie  run  up  to  a  poinC  high 
ZT^ndi  to  fcma  mtar  np  tbe  letani  line  to  the  trap,  water  pinea  into  float  chamber  E,  and 
^^^-      float  O,  and  eloie*  vahFB  H.    When  the  MeRin|g^down.  valve  C.  is  forced  to 
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not  to  mystify  the  ordinary  pubKc,  their  customers  would  no 
doubt  be  more  enlightened  and  more  numerous. 

The  term  vapor  as  used,  simply  means  steain  at  approximalely  atmos- 
pheric pressure. 

Low  pressure  steam,  vapor,  and  vacuum,  as  applied  to  heating,  are 
merely  relative  terms,  the  first  applying  to  pressures  of  1  to  5  pounds;  ^e 
second  to  pressures  of  1  to  5  ounces,  and  the  last  to  any  pressure  below 


Fig,  5,354  shows  an  atmospheric  pressure  heating  system. 


Pig.  5.363.— Dunham  puung  lusgnCioa)  for  ndiatot  coonections,  radutot  tnp  a 


Fig.  5.363. — Dunham  piping 
used  to  drip  a  down  fed  liaei 

It  should  be  imderstood  that  the  term  atmospheric  pressure  is  only  used 
for  convenience,  for  in  fact  a  pressure  of  about  five  ounces  above  atmos. 
pheric  is  carried  on  the  boiler  or  sufficient  to  overcome  the  frictional  resis, 
tance  of  the  piping,  and  since  the  return  connection  of  the  radiators  is 
open  to  the  atmosphere,  it  can  be  readily  understood  that  the  success  ol 
the  system  depends  on  the  proper  working  of  the  automatic  damper  regu- 
lator in  keeping  the  boiler  pressure  mthin  proper  limits.    To  accomolish 
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this  the  dampers  are  controlled  by  a  float  workmg  in  a  float  chamber  ii 
cramnunication  with  iJie  water  space  in  the  boiler  as  shown. 


When  the  pressure  in  the  boiler  is  the  same  as  that  of  the  atmosphere, 
>■*—*■  --,  zero  ^uee  pressure,  the  water  level  in  the  float  chamber  is  the 
s  that  in  the  boiler  and  the  index  hand  points  to  zero. 


The  float  in  rising,  anceitis  connected  by  pulleys  and  chains  to  the  damp- 
ers, closes  the  akh  pit  dajnper  and  opens  the  stack  damper,  thus  checking 
the  draught  and  preventing  the  further  increase  of  steam  pressure.  Steam 
Is  distributed  to  the  radiators  through  the  usual  risers,  which,  however, 
with  this  system  are  connected  to  the  radiators  at  the  top  as  shown  in  the 
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COMBINED  ATMOSPHERIC 
PRESSURE  AND  VACUUM 

SYSTEM 

The  object  sought  in  vacuum  heating  is  to  avoid  devitalizing 
the  air  by  using  steam  in  the  radiators  at  pressures  less  than 
atmospheric,  thus  reducing  the  temperature  to  which  the  metal 
of  the  radiator  is  heated.  For  instance,  the  temperature  of 
steam  at  atmospheric  pressure  is  212°  Fahr. ,  and  at  say  5  pounds 
absolute  press^u^e,  which  corresponds  to  a  19.7-inch  vacuum, 
itisonly  16!2°Fahr. 

In  the  combined  atmospheric  pressure  and  vacutmi  S3rstems, 
the  pressure  in  the  boiler  is  maintained  at  from  one  to  five  ounces 
above  atmospheric  pressure,  which  is  needed  to  operate  the  dam- 
per regulator,  it  being  "throttled"  by  the  radiator  supply  valves 
to  give  the  desired  vacuimx  in  the  radiators.  The  working  prin- 
ciples of  such  systems  are  shown  in  fig.  5,370. 

In  operation  when  steam  is  raised  in  the  boiler  it  passes  through  the  steam 
main,  risers  and  supply  valves  to  the  radiators. 

The  proper  working  of  the  system  is  obtained  by  an  automatic  device 
or  trap,  which  closes  against  the  exit  of  either  steam  or  water,  and  allows 
air  to  pass  out,  but  not  return.  This  device,  as.  shown  in  fig.  5,370,  con- 
sists of  three  elements:  diaphragm  valve  L,  float  valve  A,  and  thermostatic 
valve  F.  There  is  a  connection  R,  from  the  supply  pipe  or  pressure  side 
of  the  boiler  to  the  diaphragm,  and  when  there  is  no  pressure  on  the  boiler 
this  valve  is  held  shut  by  a  spring. 

When  the  fire  is  started  and  the  air  in  the  boiler  is  expanded,  the  dia- 
phragm is  inflated  and  opens  the  vacutmi  valve,  making  a  direct  opening 
through  valves  A,  and  F,  (which,  under  this  condition  are  also  open),  to 
the  atmosphere  The  valve  L,  remains  open  as  long  as  there  is  a  fraction 
of  an  ounce  pressure  on  the  boiler. 

Now  as  steam  forms  and  passes  through  the  system  it  drives  all  the  air 
out  through  the  three  open  valves  L,  A,  F,  but  when  the  steam  reaches 
the  thermostatic  valve  F,  the  heat  causes  it  to  expand  and  dose,  thus  th« 
system  is  filled  with  steam  onlv. 
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The  vacuum  is  now  obtained  on  the  principle  that  the  steam  admitted 
into  the  radiators  condenses,  while  transmitting  its  heat  through  the 
radiator  and  shrinks  considerably  (each  cubic  foot  of  steam  being  approxi- 
mately reduced  in  volume  to  1  cubic  inch). 

If  by  too  much  throttling  of  the  steam  supply  to  the  radiators,  the  vacuum 
should  become  strong  enough  to  draw  up  water  in  the  return  pipe  too  high^ 
the  float  rises  and  closes  vsdve  A,  remaining  closed  tmtil  the  water  recedes^ 
then  it  opens,  allowing  valve  P,  to  expel  any  air  that  may  be  in  the  system. 


Fig.  6,37J.. — General  arrangement  of  Webster  "Pres-co**  vacuum  system.  ThepartB  ares  1, 
sjrphon  trap;,  2,  modulation  valve:  3,  modulation  valve  with  chain  ftttachment;  4,  modula- 
tion valve  with  extended  stem;  o,  dirt  strainer;  6*  suction  strainer;  7.  vacuum  gauge; 
8,  x>i^ssure  gauge;  0,  hydro-pneumatic  tank;  10,  damper  regulator;  11,  oil  sepaiator; 
12,  standard  column  radiator;  13,  wall  radiator;  14,  window  radiator — recessed;  16,  ovei^ 
head  wall  radiator;  16,  vacuum  inimp;  17,  vacuum  {mmp  governor;  18,  vacuum  pump 
lubricator;  19,  boiler;  20,  boiler  gauge;  21,  grease  trap;  22,  pres-co  valve;  23,  back  pressurs 
valve. 
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In  order  to  compete  with  hot  water  heating  systems  which, 
because  of  the  low  working  temperature,  do  not  devitalize  the 
air,  various  steam  systems  working  at  pressures  below  that  of 
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Pig.  6.372. — Differential  Co.  vacuum  return  line  system  showing  application  of  differential 
and  impulse  valves.  In  the  installation  shown  there  are  three  differential  valves  located  in 
the  return,  risers  at  A.  They  are  weighted  to  open  at  about  five  lbs.  difference  in  pressure, 
and  as  there  are  a  number  of  radiators  in  each  group,  an  impulse  check  valve  is  placed  oo 
the  return  end  of  each  radiator.  In  operation,  the  vacuum  piunp  is  started  and  the  air  is 
exhausted  from  the  return  line  until  a  vacuum  of  10  inches  is  produced.  This  causes  the 
three  differential  valves  in  the  branch  returns  to  open,  and  establish  a  substantially  uniform 
flow  through  each  into  the  main  return.  As  the  air  in  the  pipe  between  the  differential  valves 
and  the  radiators  is  exhausted,  the  impulse  check  valves  on  all  radiators  will  open  and  a 
uniform  flow  is  thereby  obtained  from  each  of  these  into  the  branch  returns.  In  accordance 
with  the  location  of  each  of  the  differential  check  valves,  the  weights  in  them  are  adjusted 
to  compensate  for  changes  in  pressure  due  to  the  friction  of  flow  in  the  steam  and  return 
mains  up  to  that  pcnnt,  and  thereafter  no  part  of  the  apparatus  will  require  any  attention. 
No  jet  water  is  required  or  necessary  at  the  vacutun  ptimp,  and  the  amotmt  of  vacuum  carried 
may  be  fixed  at  any  point  by  putting  the  correct  weights  in  the  differential  check  valves. 
The  degree  of  vacutmi  maintained  on  tne  return  line,  or  the  difference  in  pressure  between  the 
steam  and  return  line,  is  established  and  maintained  at  any  predetermmed  amount  by  the 
adjustment  of  the  differential  valves.  Therefore,  a  vacuum  governor  should  not  be  used  to 
regulate  the  vacuum  pump.  If  the  vacuum  pump  be  of  sufficient  capacity  and  the  main 
return  is  tight,  the  desired  vacuum  will  be  maintained  by  the  pump  operating  at  minimum 
speed. 
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Pre.  5,373.— Differential  Co.  impuht  valve  tm  vacuum  letum  line  system.  /(  coiulit*  of 
a.  heavy  braBS  cylinder  inserted  in  a  standani  valve  body.  This  cylinder  fits  into  a  countei^ 
bore  wtich  is  cut  to  receive  it,  sni?  is  held  firmly  in  place  by  a  strong  spring.    A.  Beat  ia  pro- 

in  the  ssTne  manner  as  is  ususl  \n  swinE  check  valves.  The  valve  disc  is  prc^ded  with  an 
impact  surface  upon  which  the  water  of  condensation  atiikea.  thereby  opening  the  valve  to 
its  full  capacity.  The  seat  of  the  impulse  valve  is  made  much  smaller  than  that  of  an  ordinary 
checlt  vafve.  so  that  it  will  properly  control  the  flow  o£  water  and  steam  from  the  radiatof 
and  prevent  short-^;ircuiting.    The  weight  of  the  impulse  valve  disc  over  the  area  of  the  Beat, 

return  Unea  is  from  one-quarter  to  one-half  icund  lower  than  the  pressure  in  the  steam  main, 
irrespective  of  the  pressure  carried,    tn  operation,  w 
IS  ckised,  the  impulse  ctieck  valve  prevents  any  water 
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:ioned  so  that  the  brass  cup  will  give  about 

d  be  provided  with  a  nipple  and  cap-    All 

uum  carried.    A  small  leakage  opening  is 
bat  the  system  will  drain  whoi  the  plant  is 
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the  atmosphere  have  been  devised,  and  are  known  as  vacuum 
systems.  These  may  be  divided  into  two  general  classes,  accord- 
ing to  the  method  of  producing  the  vacuum,  as 

1.  Natural  vacuum,  by 

a.  Mercury  seal^ 

b.  Thermostatic  valves. 

2.  Mechanical  vacuum,  by 


f. 


I 
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Fig.  5,378. — ^Natural  vacuum  mercury  seal  system.  The  airline  is  provided  with  a  vahre  D, 
just  beyond  the  drip,  and  loop  C,  leading  to  the  mezxmry  seal,  the  latter  being  vtrtually  a 
barometer  composed  of  mercury  tube  A,  and  mercury  cup  B.  tn  operatioiu  when  the  prea- 
sure  is  above  atmospheric  pressure,  the  air  is  forced  out  hy  bubbling  through  the  mercury  in 
the  cup  B,  and  when  there  is  vacuum,  the  mercury  rises  in  the  tube  A,  to  balance  tha 
vacuum. 

a.  Ejectors. 

h.  Air  pumps,  etc. 

Natural  Yacuum  Systems. — ^Any  standard  one  or  two  pipe 
steam  system  may  be  converted  into  a  natural  vacuum  system 
by  replacing  the  ordinary  air  valve  by  a  **mercury  seal"  or  con- 

cting  thermostatic  valves  to  the  radiator  return  outlet  on 
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radiators  and  providing  a  damper  regulator  to  the  boiler  adapted 
to  vacutun  working. 

The  mercury  seal  system  shown  in  fig.  5,378,  is  about  the 
simplest  arrangement. 

The  mercury  seal,  which  is  virtually  a  barometer,  consists  of  a  tube  A, 
which  dips  just  below  the  surface  of  mercury  in  cup  B. 

When  steam  is  raised  in  the  boiler  to  a  pressure  above  atmospheric,  it 
drives  all  the  air  out  of  the  system,  the  air  leaving  by  bubbling  throti^h 
the  mercury  in  cup  B.  If  the  fire  be  then  allowed  to  go  out,  the  steam  wiJl 
condense  and  produce  an  almost  perfect  vacuum,  provided  all  pipe  fitting 
has  been  caretully  done  and  the  stufSng  boxes  are  tightly  packed. 


AIR- 


I 


^'U 


STEAM 


STEAM 


Figs.  5,379  to  6,381.— Operation  of  mercury  seal.  Air  being  heavier  than  steam,  is  blown  oat 
by  bubbling  through  the  mercury  in  the  cup  B,  fig.  6,379,  all  the  air  being  expelled  m  fig. 
5.380.  Now  when  the  fire  is  checked  the  condensation  in  the  radiators  produce  a  vacutmi 
causing  the  mercury  to  rise  in  the  seal  pipe  as  in  fig.  6,381,  to  a  height  corresponding  to  the 
degree  of  vacuum. 

Evidently  by  providing  the  boiler  with  proper  automatic  draught  control, 
the  apparatus  may  be  operated  at  any  desired  degree  of  vacuum,  say  4  ot  6 
pounds  absolute  (21.8  and  19.7  inch  vacuum),  and  have  the  water  boiling 
at  temperatures  as  low  as  153  to  162  degrees  F. 

A  loop  at  C,  prevents  water  being  carried  over  into  the  seal  pipe  when 
purging  the  system  of  air. 

If  air  should  re-enter  the  system  through  leaks  it  may  be  again  eicpelled 
by  raising  the  steam  pressure  above  atmospheric.    As  applied  to  residence 
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heating,  the  plant  may  be  operated  during  the  day  at  several  pounds  gauge 

pressure  by  closing  valve  D,  and  when  fires  are  banked  for  the  night  this 

valve  may  be  opened  and  the  system  worked  under  vacuum. 

The  flexibility  of  vacuum  systems  is  in  sharp  contrast  with  low  pressure  systems  where 
ste&m  disappears  from  the  radiators  as  soon  as  the  temperature  drops  below  212  degrees. 

THERMOSTATIC  RETAINER  VALVES- 


MASTER 

THERMOSTATIC 
VALVE 


Fig.  5,382. — Natural  vacuiun  system  with  retainer  and  master  thermostatic  valves.  Individual 
thermostatic  valves  A,  B ,  C,  are  placed  on  the  outlet  of  each  radiator  which  i)ass  bxt  or  water, 
but  close  to  steam.  At  the  end  of  the  air  line  is  a  master  thermostatic  valve  D,  which 
operates  when  the  system  is  purged  of  air  by  excess  pressure.  The  vertical  distance  M, 
between  water  leyel  in  boiler  and  lowest  point  of  air  Ime  should  be  not  less  than  two  feet 
for  each  inch  of  vacuum  to  be  carried  in  the  system. 

According  to  weather  demands,  the  radiators  may  be  kept  at  any  temperature  from 
say  150  degrees  to  220  degrees .  Pigs .  5,379  to  5.381  show  in  detail  the  principle  of  opera- 
tion of  the  mercury  seal. 

Instead  of  a  mercury  seal  the  same  effect  may  be  obtained  by 
*^-  use  of  thermostatic  valves.    In  the  usual  arrangements,  an 
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individual  thermostatic  "retainer"  valve  is  placed  oi 
ator  and  a  master  valve  at  the  end  of  the  air  line,  as  ii 


eachradi- 
fig.  5,382. 

The  object  o£  the  retainer  valves  is  to  automatically  allow  the  discharge 
o£  the  air  and  crater  without  letting  the  steam  pass  through;  the  msster 
thermostatic  valve  retains  the  v" "       -■-'--■'■ 


AIR  CHECK 


MASTER 

THERMOSTATIC 

VALVE 


Pic.  S.3!l!l.— Detail  of  nati 


,e  tyatem  Ls  \e^  tt 


Fig.  5,3S3  shows  in  detail  one  of  the  retainer  valves  and  the  master 
valve.  The  latter  has  in  addition  to  the  expanding  element,  a  ground 
seat  poppet  check  at  the  top  that  is  practically  air-tight  and  wifl  retain 
the  vacuum  within  the  system  for  a  considerable  time.  This  valve  operates 
when  excess  pressure  is  generated  in  the  boiler  to  purge  the  system  of  air, 
the  check  at  other  times  remaning  closed. 

Draught  Control  on  Natural  Vacuum  Systems. — The  suc- 
cessful operation  of  natural  vacuum  systems  depends  largely  <-■" 
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hold  that  heat  -in  the  system  for  houis.     Automatic  damper 
regulators  are  des^ned  to  act  by 


2.  Temperature, 
or  a  combination  of  these  two  ^endes. 

Fig.  5,384  shows  a  regulator  which  acts  on  the  pressure  prin- 
ciple or  rather  difference  of  boiler  and  atmospheric  pressure. 


Pic.  6:3SG.— Robeits-HaiE 


la  startine  the  weight  is  placed  on  the  left  side  of  the  lever,  as  shown, 
wluch  tilts  the  lever  Qjosition  LP),  and  opens  the  damper.  The  weight  ia 
adjusted  b^  the  stop  so  tha.t  sufficient  pressure  is  produced  to  clear  the 
^^tem  of  air  before  the  regulator  trips  to  position  L'F'  (shown  in  dotted 
hues) ,  and  closes  the  damper. 

As  the  pressure  comes  on,  it  will  be  noted  that  the  regulator  is  gradually 
closing,  and  ^Aen  entireljT  closed,  the  weight  slides  to  the  right  and  remains 
in  this  position  until  the  vacuum  in  the  system  becomes  strong  enough  to 
graduafly  open  the  damper — ^ust  enough  to  maintain  a  vacuum. 

In  the  morning  the  regulator  may  be  set  to  open  position  from  the  floor 
above  bj^  the  puU  chain  M .  This  generates  pressure  and  purges  the  system 
of  any  air  which  might  have  accumulated,  and  then  the  regulator  weight 
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Fig.  5,387  shows  a  thennostatic  control  or  damper  regulator 
which  depends  upon  temperattire  changes  for  its  operation. 

Since  the  temperature  of  steam  increases  with  the  pressure  evidently  the 
expansion  and  contraction  of  a  rod  exposed  to  the  steam  can  be  maae  to 
operate  the  damper. 


SPRIKIO 
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Pig.  5,387. — ^Thermoetatic  pfeasure  control  or  damper  regulator  operating  on  changes  in  tem- 
perature of  the  steam  coming  from  the  boiler.  The  temperature  of  saturated  steam  in  contact 
with  water  depends  upon  the  pressure  under  which  it  is  ^nerated.  At  the  ordinary  atmos- 
pheric pressure  (14.7  lbs.  per  sq.  in.)  its  temperature  is  212^  F.  As  the  pressure  of  the 
steam  is  increased  or  decreased,  its  temperature  is  increased  or  decreased  respectively,  thus 
for  a  0.7-in.  vacutmi  the  temperature  is  193^;  for  a  22  in.  vacuum,  only  153  . 

In  the  figure  such  a  rod  is  fastened  at  A,  in  a  closed  cylindrical  chamber 
through  which  steam  from  the  boiler  passes  to  the  main.  The  end  B,  is 
free  to  move,  passing  out  of  the  chamber  through  a  stuffing  box.  The 
motion  of  the  nxl  is  considerably  magnified  by  the  bell  crank  lever,  which 
is  comiected  to  the  damper  by  a  cham  attached  at  C. 

In  operation  as  the  pressure  of  the  steam  rises  its  temperature  will 
increase  and  the  rod,  which  is  made  of  a  metal  having  a  higher  coefficient 
of  expansion  than  that  of  the  cylindrical  chamber,  the  end  B,  wiU  move  to 
the  nght,  thus  causing  end  C,  of  the  lever  to  descend  closing  the  damper. 

When  the  pressure  falls,  the  rod  contracts,  and  the  spring  which  keeps 
the  bell  end  in  contact  with  the  rod  causes  end  C,  cf  the  lever  to  rise  and 
open  the  damper. 
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The  lever  will  assume  some  intermediate  position  then  htdding  the 
steam  at  some  predetermined  pressure,  vrtiich  may  be  varied  by  means 
of  die  Bcrew  adjustment  D.  In  this  arrangement,  there  is  no  provision 
for  securing  excess  pressure  to  purge  the  system  of  air  at  startmg— this 
mu£t  be  done  by  h£uid  control  of  the  damper. 

A  more  extended,  control  depends  on  both  pressure  and  tem- 
perature for  its  operation.  Fig.  5,388  shows  an  arrangement  of 
tbjg  kind. 

The  regulator  employs  pressure  for  starting  and  temperature  for  running. 
In  starting,  the  thermostatic  portion  tA  the  regulator  is  closed  off  from  the 


Pta.  6.388.— Roberta-Hamilton  prBBsura-temperaturs  Hamper  regulatpr.  ine  Korer  pMi  ■ 
tbe  preaaure  chamber  and  the  uroer,  the  tfirnnoatatK!  chamber.  The  thennostmticportiDn 
of  the  regulator  is  connected  to  the  aleani  main  and  Dot  to  the  beDer,  w>  M  to  wuute  the 
temperature  in  the  radlatora  and  mains.  The  votahle  Ikluid  conUined  in  the  doublg  diac  of 
the  thermoatatic  portion  ia  very  aensitive  and  expands  and  Gontntets  with  the  ibihtcat  ehwin 
in  temperature  ao  that  if  it  be  neceswrr  to  increase  the  temperature  within  the  ■yitam.  tne 
■light  contraction  of  the  dUca  opens  the  dampera  juat  enoush  to  produca  thll  temperature 
and  then  automatically  cloeea  them  again. 

system,  and  it  is  necessary  to  produce  enough  pressure  {less  than  one  poimd) 
to  force  the  air  from  the  system.  When  this  is  accomplished,  the  regu- 
lator automatic^y  opens  a  valve  to  the  thermostatic  portion,  which  then 
maintains  the  temperature  deaied,  its  range  smbradng  both  vacuum  and 
low  pressure  operation. 

Mechanical  Vacuum  Systetna. — The  term  mechanical  is 
here  used  to  indicate  vacuum  systems  in  which  an  ejector  or 
pump  is  used  to  maintain  the  vacuum,  as  distinguished  from  the 
— '-'*oi  vacuum  systems  already  described. 
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Fig.  5.380.— ^Ejector  mechanical  vacuum  system  as  applied  to  one-pipe  distribution.  The 
tfaennoetatic  air  valves  are  piped  to  the  air  line  which  has  an  ejector  for  ejecting  air  from 
the  system.    The  ejector  may  be  operated  by  live  steam  or  water  under  presstire.    A  test 

made  at  the  Ohio  State  University  showed  that  432 
lbs.  of  steam  was  required  for  the  ejector  per  8,160 
lbs.  of  condensation,  or  approximately  6%.  Of 
course,  this  steam  need  not  d<b  wasted  as  it  could  be 
utilized  in  various  ways,  as,  for  instance,  iMissing  it 
through  a  radiator  for  heating. 


Fig.  5,389  shows  an  ejector  system 
in  which  the  ejector  removes  the  air 
only,  the  condensation  returning  to 
boiler  by  gravity. 


Pig.  5,300.— 7Thompson  air  line  vacuum  pump: 
sectional  ,view  showing  construction  and  method 
of  operation.  It  operates  with  a  rolling  motion, 
but  the  impeller  does  not  revc^ve  and  does  not 
require  a  water  or  oil  seal. 
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well  suTTDundioB  the  float  into  the  flaat  itHlf,  which  nuturally  makn  the  float  heavy  ud 
causes  it  to  drop,  and  the  sir  relief  valve  ii  then  ready  lo  felea-:  ths  air  from  the  system, 
when  the  pressure  it  again  generated  in  the  boiler.  When  the  boiler  draushtB  s.re  opened 
and  steam  Is  again  ^nerated  fast  enoup-h  to  displace  the  air  in  the  heating  plant,  the  air  wi" 
aaa  out  thiough  the  air  relief  equipment  automatically  until  the  steam  reaches  it 

where  the  Gteam  supply  fluctuates.  It  is  used  for  the  purpose  of  keeping  the  air  fn>r 
re-enteiine  the  system  when  the  steam  pressure  is  permkited  to  drop  below  zero,  c 

aton  faster  than  it  Is  beina  produced  at  the  boiler,  a  vacuum  condition  takes  place, 
nhich  lowers  the  pressure  inside  of  the  radiators  and  pipes  to  less  than  ■tmomhcr''- 
pressure  on  the  outside.    Then  the  air  would  get  back  into  the  system,  through  t 

plants  nhere  the  pressure  fluctuates:  as  where  the  heat  is  regulated  by  the  boiler  draught, 
where  it  is  not  possible  to  employ  a  janitor  to  keep  a  steady  pressure  and  pive  consta 
attention  to  the  heating  plant,  fiuch  as  residences  or  other  small  or  medium  sized  building? 
wbere  individual  boilers  are  used.    On  lartn  plants,  where  high  pressure  is  carried  on  boilen 

neciion  with  central  Mation  beatin((pJanta,  or  nhaust  steam  plants,  where  a  constant  supply 
of  ateam  is  always  available,  there  u  no  Deed  of  uiing  the  vacuum  valve  because  the  produc- 
tion of  the  steam  ii  ■dwayi  groter  than  the  cODdenution  in  the  radiators,  if  the  plant  I 
^tfovriy  desiffDed  and  imtalled.  In  auch  cases  a  screen  a  used  at  the  outlet  of  Che  air  reU 
vai-n  uistead  of  the  vacuum  valve  as  shown  in  the  illustration  above.  The  vacuum  vab 
operates  on  the  differential  principle,  using  the  pressure  on  the  area  of  a  very  lar^e  di. 
phraRm,  to  close  a  valve  having  a  much  smallerarea.  The  large  diaphragm  drops  of  its  on 
weighty  lu^ng  the  valve  open,  under  normal  conditions,  or  when  the  pressure  in  the  syster 
is  lower  than  the  atmosphere.    The  space  below  the  diaphragm  is  open  to  the  atmospher 


HEATING  AND  VENTILATION 


The  ejector,  which  may  be  operated  either  by 
steam  or  water,  is  started  before  steam  is  turned  on 
the  system,  thus,  after  the  air  is  removed,  steam  wilt 
quickly  fill  the  radiators  and  remain  full  of  steam 
EiQce  the  air  is  automatically  removed  as  ramdly  ar 
it  a 


The  system  is  equally  well  adapted  to  eriiaust 
heating,  where  the  water  flows  to  a  return  tank  and 
is  pumped  back  to  the  boilers,  and  is  largely  used 
in  this  class  of  work. 

The  system  commonly  used  in  exhaust  heat- 
ing employs  an  air  or  so  called  vacuum  pump, 
which  ejects  both  the  air  and  condensation 
from  the  system,  such  type  of  air  pump,  being 


w  pressun  comt^ed  st 


Pigs.  £^3andS,394. — Molinc  antt-siphon 

water  from  the  Bteam  or  iow  pi 

These  seals  will  hold  back  about 

ba  drained.    They  prevent  any  greater  pressure  tieing  ran 

thoe  lines,  and  in  this  way  pravide  against  eicessive  pre 

heating  mains.  The  seals  are  set  st  the  ends  of  the  heatins 

the  seal  is  piped  t 
the  nceiver  of  a 
demand. 
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called  a  wet  air  pump,  as  distinguished  from  a  dry  air  pump, 
which  handles  only  air. 

A  feed  pump  is  used  to  return  the  condensation  to  the  boiler. 
Fig.  5»396  shows  the  essential  featiares  of  the  system  as  applied 
to  the  fractional  valve  distribution.  This  gives  a  nattiral  circu- 
lation. 


Fig.  53^6. — ^Air  pump  mechanical  vacuum  system  as  applied  to  fractional  valve  distribution. 
Air  pumps  are  commonly  used  for  maintaining  a  vacutun  on  exhaust  steam  heating  systems. 
The  air  pump  mechanical  vacuum  system  consists  essentially  of:  ,  1 ,  thermostattc  retainer 
valves  at  the  radiators  (to  prevent  steam  reaching  air  pump  and  breaking  vaccum) ;  2,  receiver 
(for  discharge  from  air  pump,  and  having  a  vent  to  allow  air  to  pass  off);  3,  feed  pump,  to 
pump  condrasation  back  through  4,  heater t  to  boiler. 

In  operation,  air,  being  heavier  than  steam,  passes  off  through 
thermostatic  retainer  valves  to  the  air  pump.  When  the  steam 
reaches  these  valves  they  close  automatically  to  prevent  the 
steam  passing  into  the  return  line  to  air  pump  and  breaking 
vacuum. 
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The  discharge  from  the  air  pump  passes  into  a  receiver  where 
the  air  is  allowed  to  escape  through  a  vent. 

The  condensation  is  pumped  from  the  receiver  baqk  into  the 
boiler  by  the  feed  pump,  passing  on  its  way  to  the  boiler,  through 
a  heater,  where  it  is  heated  by  the  exhaust  steam  from  the  air 
and  feed  pumps. 

Exhaust  Steam  Heating. — The  term  exhaust  steam  heating 
relates  to  the  source  of  the  steam  rather  than  to  its  distribution. 
In  fact,  after  the  exhaust  steam  enters  the  heating  system  its 


VACUUM     RETURn 
LIPT    PITTfnG 


TO       VACUUM 
PUMP 


Fig.  6,397. — ^Lift  fittings.  The  arrangement  here  shown  is  adapted  for  use  on  the  main  return 
lines  of  vacuum  heating  systems  at  points  where  it  is  desired  to  raise  the  condensation  to  a 
higher  level.  In  operation,  the  momentum  of  the  water  is  maintained  and  assists  in  makin? 
the  lift  with  a  minimum  loss  of  vacuum.  The  lift  fitting  is  constructed  with  a  pocket  at  the 
bottom  of  the  lift  into  which  the  water  drains.  As  soon  as  sufficient  water  accumulates  to 
seal  this  pocket  it  is  drawn  to  the  upper  iwrtion  of  the  return  by  the  vacuum  produced  by  the 
pump.  The  shape  of  the  fitting  is  such  that  dirt  and  scale  are  usually  swept  along  by  the 
current.  Clean  out  plugs  are,  however,  provided  for  use,  if  necessary.  A  second  fitting  in  a 
reversed  position  is  recommended  for.  use  at  the  top  of  the  lift  (as  illustrated)  to  prevent 
water  running  back  while  the  pocket  is  filling. 


action  is  no  different  from  live  steam  taken  from  a  heating  boiler, 
it  being  adapted  to  both  low  pressure  and  vacutim  systems.  The 
chief  differences  are  the  provision  for  delivering  the  steam  from 
the  engine  to  the  heating  system  free  from  oil  and  at  constant 
pressure,  and  for  returning  the  condensation  to  the  boiler  at 
high  pressure. 

Fig.  5,399  shows  the  essential  features  of  an  exhaust  heating 
--vstem,    with    fractional    control    vacuum    distribution.      The 
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at  ssain  aetttsa  on  seat  HH,  until 
Jn  lift  the  float.  The  air  contained 
throush  passase  FF,  and  ia  dravn 


m  the  raaiatoTfi  of  coils,  due  to  condensation,  enters  throush  passage 

through  the  column  of  water  invade  D,into  the  topof  RoatchamSeTAA, 

follows  arrows  GG,  being  drawn  thiough  the  amal]  of>eninfl  in  guide-pin  at  i- ,  uuwu  liu 

the  hollow  body  of  copper  float,  past  the  valve  seat  at  HH.  into  the  vacuum  returt 

Tbisremovatof  air  is  continuous  resaidless  of  the  amount  of  water  pieaent.    The  by  pi 

*' '■ —  "' iWe  and  preventicg  cloggioK  by  any  foreign  substance;  the  arranBeme— 

flat  the  water  mavbe  emptied  fromchsjnber  AA,  without  interfering  w 


Jg  in  Bpace  D.    there  is  ! 

n  oe  the  cohnno  M  water  in  space  D. . — ..- 

letaiuBrvalvo,  is  thtee  inchea  deep;  alio  the  opening  on  top  of  guidt 


_. The  upper  and  lower  guide  valve  pin  are  interchangeable,  maidng  it 

imniBteml  as  to  how  the  float  is  placed  io  the  valve  as  it  works  successfully  either  way.  The 
tno  or  guide  projecUng  from  the  cap  on  top  of  the  valve .  lieeping  the  float  in  proper  position. 
"■'-  - '-•  •"' —  ' —  »t  all  times  and  the  aecuraulation  of  foreign  matter  in  the  air  passage 
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necessary  devices  between  the  engine  and  inlet  to  heating  system 
are: 

1,  Oil  separator  and  trap, 

2,  Back  pressure  valve, 

8.  Pressure  regulating  valve, 
and  for  mechanically  producing  the  vacuum  and  reducing  the 
condensation  to  the  high  pressure  power  boiler, 

1 .  Air,  or  so  called  vacuimi  pump, 

2.  Receiver  with  vent, 


Pic.  e.tOO. — nliaoii  "EcUpoe"  combination  tempemtun  nsolntor.  This  v&lve  ia  luad  to 
GDOtlol  the  tsEOpeiatuie  □{  Etcam.  gu,  uc  or  water  by  temperatun.  It  cul  be  simiEBl  to 
(but  o8  or  opsn  at  dennd  with  a  slight  vaiiatioa  of  Iba  temperatun  eosting  at  unw  dealnil 

3.  Feed  pump, 
in  additicm  a  feed  water  heater  is  provided  both  for  economy  and 
to  permit  returning  condensation  and  make  up  feed  water  to 
boiler  at  the  proper  temperature. 

In  operatioii  erfiaust  steam  from  the  engine  first  passes  through  th« 
heater,  then  through  the  oil  separator,  which  frees  it  from  the  lubncating 
cril,  the  latter  passing  off  into  the  oil  trap.  The  steam  now  enters  the  heating 
IryBtem  at  A,  its  pressure  being  prevented  rising  above  a  predetermined 
bmit  by  the  back  pressure  valve  (regulate  by  weight  B) ,  and  maintained 
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Since  there  is  a  continual  loss  of  water  through  various  leaks,  the  feed 
pump  suction  is  connected  at  £,  with  the  supply  from  the  street  main  or 
other  source,  the  amount  entering  the  system  being  controlled  by  the  "make 
up'*  valve 

The  various  automatic  devices,  such  as  back  pressure  valve,  pressure 
regulating  valve,  etc.,  necessary  to  adapt  the  exhaust  to  heating  purposes, 
are  shown  in  the  accompanying  illustrations. 


PRESSURE  REGULATING 
VALVE/ 


TO  BACK  PRESSURE  VALVE 


LIVE  STEAM 
PROM  BOILER 


-^ 


LOW  PRESSURE  "MAKE  UP' 
STEAM  TO  HEATING  SYSTEM 


=4r 


AOJUSTMENT 
WEIGHT 

aENDS  T07^^*•<1^ 

OPEN  VALVE)      " 


OPEN  TO 
ATMOSPHERE 


WATER 
SPRING 


ACCUMULATOR 

Fig.  5,402. — ^Pressure  regulating  valve  and  acctxmulator  for  maintaining  a  constant  pressure 
in  the  steam  heating  main.  It  maintains  the  pressure  constant  by  automatically  admitting 
steam  when  the  supply  from  the  exhaust  is  not  adequate  to  meet  the  demand,  the  amount  ot 
steam  thus  admitted  being  that  necessary  to  prevent  fall  of  pressure.  The  valve  is  controlled 
by  means  of  a  governing  pipe  A,  connecting  the  diaphragm  chamber  to  the  acctunulater, 
the  latter  being  connected  to  the  heating  main  at  the  point  from  which  the  pressure  regulator 
is  to  be  governed.  The  accumulater  is  always  half  full  of  water  and  its  elevation  must  be 
such  that  the  water  line  in  the  acctuntdater  is  level  with  the  diaphragm,  so  that  there  will 
not  be  an  unbalanced  column  of  water  to  exert  pressure  on  the  diaphragm.  The  water  pro- 
tects the  diaphragm  from  the  steam,  the  pressure  of  the  latter  being  transmitted  from  the 
surface  of  the  water  in  the  accumulater  to  the  diaphragm.  In  operation,  when  the  ejdiauat 
side  P,  is  at  the  predetermined  pressure,  this  brings  sufficient  force  against  the  under  or 
water  side  of  the  diaphragm  to  overcome  the  downward  thrust  due  to  the  adjustment  weight 
and  close  the  valve.  Now  if  the  engine  slow  down,  or  there  be  a  heavy  demand  for  heat  so 
that  the  exhaust  is  hot  adequate,  the  pressure  in  the  exhaust  side  P,  will  fall,  and  the  down- 
ward thrust  of  the  adjustment  weight  will  overcome  the  opposing  pressure  of  the  water  on 
the  diai>hragm  and  open  the  valve  admitting  live  steam  from  the  boiler  side  L ,  into  the  exhaust 
side  P,  in  su&cient  quantity  to  restore  the  pressure.  The  inertia  of  the  water  in  the  accumu- 
lator acts  as  a  damper  to  prevent  oversensitiveness  of  the  valve,  or  *'huntingt*  due  to  slight 
momentary  fluctuations  of  pressure  in  the  exhaust  side  P.  The  spring  under  the  diaphragm 
is  to  balance  the  downward  thrust  of  the  lever  and  hold  the  valve  m  closed  position  when  the 
pressure  is  the  same  on  both  sides  of  the  diaphragm . 
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Uinit.    ITiis  is  vittiudly  a  lever  safety  valve 
'  '  Tllortr  Bome  back  pressure  vuves  are 
m  of  only  2  ounces.    The  position  of 
—  ■■'--  exluust  preaaure  At  which  tl 


"be  advantage  of  iodir 
vtiiig  both ' 
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INDIRECT  HEATING 

This  is  a  combination  of  steam  or  hot  water  heating  and  hot 
air  heating,  the  object  of  the  system  being  to  secure  the  advantf^ 
(rf  steam  or  hot  water  as  a  heating  medium  and  avoid  the  disad- 
vantages  of  these  or  of  the  hot  air  furnace. 

Indirect  heating 
secures  thorough  ven- 
tilation because,  in 
principle,  fresh  air 
from  the  outside  ia 
lCT  passed  over  a  radi- 
ator placed  in  an  air 
duct  or  flue,  the  heat 
imparted  to  the  air 
causing  a  brisk  circu- 
i  lation,  thus  fresh  air 

is  constantly  entering ' 
the  room  to  be 
lieated,  instead  of  re- 
heating the  same  air 
RECT     as  in  direct  heating. 

In  the  purely  indirect 
system,  the  radiatii^ 
surface  (ill  advisedlv 
called  "heating  stack  ) 


is  placed  somewhere  remote  from  the  room  to  be  heated,  as  in  fig.  6,404, 
as  distinguished  from  the  indirect-direct  system  in  which  the  radiator  is 
placed  within  the  room  to  be  heat«d  but  ita  lower  half  is  so  encased  and 
connected  to  the  outside  of  the  building  that  fresh  air  is  continually  drawn 
into  the  room  as  in  ^.  5,405. 

Forced  Indirect,   or  Hot  Blast  Heating.— As    Eenerall" 
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2  HOT  WATER 
HEATING 

Water,  as  a  medium  for  transmitting  heat  in  heating  dwellings 
possesses  several  advantages  over  steam: 


Jthod  of  tHldna  coniMction  (mm  the  top  o 
5°  elbow  may  be  taken  from  the  top  if  the 
b«  taken  oa  the  main  in  the  same  way. 

Pig.  Ej40B. — Proper  method  of  takioaoff  i 


n  fiom  the  top  of  main  floir  and  ntuin  in  hot 
mi  the  top  if  tue  head  room  be  lindted.    Steam 
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1.  Because  of  the  low  working  temperattires  the  heat  is  very 
xnild  and  the  atmosphere  is  not  robbed  of  any  of  its  healthful 
qualities. 

2.  Since  the  temperatiire  may  be  varied  it  is  more  flexible 
than  low  pressiire  steam  systentis. 

3.  The  radiators  will  remain  warm  a  considerable  time  after 
the  fire  is  extinguished,  thus  the  system  is  a  reservoir  for  storing 
heat. 

n 


RETURN 
TO  TRAP 
OR  P\iW{P 


STEAM 
FEED 


CLEAN  OUT  PLUG 


Pig.  5^12. — ^Water  heater  set  up  in  connec1;ion  with  a  storage  tank.  It  can  be  used  in  this 
way  for  exhaust  or  high  pressure  steam,  and  the  water  of  condensation  may  be  returned  to 
a  well  by  a  trap,  or  taken  to  a  ptunp  governor ^  provided  the  pxunp  receiver  do  not  carry 
pressure.     The  water  of  condensation  shotdd  dram  freely  from  the  tubes  to  get  good  restdts. 


As  with  steam  heat,  there  are  numerous  hot  water  heating 
systems.    These  may  be  classed 

1.  With  respect  to  circulation,  as 


a.  Natural    ' 
h.  Accelerated 


{ 


By  ejKcess  pressure 
"  superheating 
"  steamer  air 
"  pumps 
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2.  With  respect  to  the  piping 
arrangement,  as 

a.  Single  pipe  system. 

b.  Two  pipe  system. 

c.  Circuit  system. 

d.  Overheaa  system. 

3.  With  respect  to  the  prin- 
ciple of  air  circulation,  as 

a.  Direct. 

b.  Indirect. 

c.  Indirect  direct. 

4 .  With  respect  to  pressure ,  as 

a.  Low  pressure. 

b.  High  pressure. 

NATURAL 
CIRCULATION 

In  order  that  water  may- 
transmit  heat  from  the  heater  to 
the  radiators  there  must  be  a 
constant  movement  of  the  water 
from  the  heater  to  the  radiators 
and  back  again,  or  circulation  as 
it  is  called.  In  natiu*al  circula- 
tion systems,  this  circulation  is 


fiGS.  5.413  and  6,414.— Motive  force  in  natural  circulation  hot  water  heatoig  system.  The 
question  is  often  asked.  "Why  does  the  water  circulate?"  It  is  due  to  the  difference  in  dejteity 
of  water  at  different  temperature*;.  Thus  in  fig.  6.414.  if  the  riser  .pipe  hold  say  1  cu  ft.  of 
water  at  212°  its  weight  is  59.76  lbs.,  and  similarly  if  the  return  pipo^h9ld  1  cu.  ft.  of  w^ter 
at  70**  its  weight  is  62 .31  lbs.  Thus  the  column  of  water  mlgie  return  pipe  is  62 .3 1-^59 .76- 
2.65  lbs.  header  than  the  column  of  water  in  the  nser.  This  unbalanced  weight  forms  a 
motive  force  which  causes  the  water  to  circulate  through  the  system  as  mdicated  by  the 
arrows,  and  further  portrayed  by  the  effect  of  the  unequal  weights  placed  on  the  beam  scak. 
fig.  5,413. 
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due  to  the  difference  in  density 
or  weight  of  water  at  different 


tXPANSION 


13iUI»>l  cubic  foot  of  water  at 
70  (&|greea  F.;  y^ghs  62.31  lbs. 
and. at  212  d^mes^  59.76  lbs. 
representing  a  ftmerence  in  weight 
of  62,31— 69.76»2.6&lbs.,  which 
is  ayailable  toj  cause  bircolation, 
as  shofhi  in !  fig.  5,413.  The 
diffei^ce  in  Wsi^t  is  due  to  the 
expansion  of-wiater  a$#8  ten^ber- 
atute  is  raised.  ■ 


Fig.  5,415  slipw»  the  e^n- 

tial  features  oil  a  two  pipe  low 

i 

The'follbwittg  l^le  gives  the  jnela- 

tive  volume  of  Winter  i^t  dificvent 

temperatures  comjpared  with  itsjvol- 

,-^uipe  at  39.1®  Fahr.,  s^ggording  to 

Kopp,  as  corrected  by  Porter. ' 

-  Expansion  of  Water  ^ 


Pahr. 

Voltame 

Fahr. 

Volume 

39.1 

1.00000 

122 

1.01186 

41 

1.00001 

131 

1.01423 

60 

1.00025, 

140 

1.01678 

59 

1.00083 

149 

1.01951 

68 

1.00171 

158 

1.02241 

77 

1.00286 

167 

1.02548 

86  ' 

1.00425 

176 

1.02872 

95 

1.00586 

185 

1.03213 

104 

1.00767 

194 

1.03570 

113 

1.00967 

212 

1.04332 

Fig.  5,415. — ^Two-pipe  natuml  circulation  hot  wetter  system.  In  operation,  after  the  fire  is 
staried  the  tempjerature  of  the  water  in  the  heater  rises,  Jand  expands;  this  disttrrbs  the  eqtd- 
libritam  of  the  s^tem'»  causing  the  colder  and  l^eavier  yrater  in  the  dpwn  flow  pipe  to  flow 
downward,  pushinv  the  warmer  and  lighter  wstter  in  the  risertlpWardv  thus  starting  circula- 
tipn,  a  circxuataon  by  imiss  pipe  being  provided  to  form  a  continuous  patH  for  the  flowmg  water 
in  case  all  the  radiators  be  shut  on.  The  expaiision  of  the  water  will  cause  it  to  rise  in  the 
expansion  tank  from  M  to  some  higher  level  as  0^  Now  if  valves  L  and  P,  be  opened  the 
water  will  flow  throt^  the  radiators,  where  most  o(  its  heat  is  absorbed  in  heating  the  rooms. 
This  wiU  increase  the  density  of  the  water  in  the  doym  flow  pipe,, thus  accelerating  the  circu- 
lation. Air  vents  on  the  radiator  are  necessary.  Because  of^this  e^Mtnsion  it  is  necessary 
to  leave  ^e  highest  point  of  a  hot  water  system  open^to  the  atmosphere  and  provide  at  that 
paint  an  ea^pansion  tank  for  the  variation  in  volume. 
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The  circulation  in  this  arrangement  is  not  so  good  as  in  that  of  fig.  5  416, 
and  for  this  reason  the  circtiit  main  should  be  of  very  liberal  size  to  reduce 
£riction  to  a  minimum. 

The  so-called  one-pipe 
system  is  shown  in  fig. 
5,417.  In  this  arrange- 
ment special  distnbutipa 
tees  are  employed  to  de- 
flect part  of  the  water 
from  the  main  into  the 
radiators  while  letting 
the  balance  flow  through 
the  main  to  the  next 
radiator. 

This  is  a  single  pipe 
system  in  the  sense  that 
one  pipe  serves  both  in- 
let and  outlet  of  each 
radiator,  but  there  must 
be  an  upflow  side  L» 
and  a  down  flow  side  F, 
thus  there  are  two  main 
pipes. 

Evidently  the  heat  dis- 
tribution by  this  method, 
as  well  as  by  the  circuit 
system,  fig.  5,416,  is  not 
tmiform,  the  radiators  on 
the  upflow  side  L,  being 
hotter  than  those  on  the 
downflow  side  F. 


t 


HCATCR 


.^ 


I 


Fig.  £,417. — So  called  one-pip*  natural  circtilation  hot  water  system.     L  is  the  riser  side  and 
P  the  down  flow  siie .     Tjie  system  consists  of  a  vertical  loop  which  carries  both  the  supply 
and  return  water  of  the  radiators.    Special  distribution  tees  having  an  internal  baffle  tongue 
facilitate  the  circulation  to  and  from  the  radiators,  this  being  shown  in  detail  in  fig.  5,4)^ 
No  air  vents  on  the  radiators  are  necessary. 
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Pig.  5,418  shows  the  overhead  system.  This  is  virtually  the  same  as 
the  one-pipe  system  with  the  addition  of  a  central  riser  to  which  no  radiatcnrs 
are  attached.  Special  distribution  tees  are  used  as  in  the  one-pipe  system 
of  fig.  5,418. 

Hi^  Pressure  Hot  Water  Systems. — ^The  heating  systems 
thus  far  described  are  known  as  low  pressure,  being  open  to  the 
tftmosphere,  although  the  head  on  some  systems  in  big  buildings 

di5tr'ibut«on  tee 


Fig.  5,413.t— vistributiori  t^es  Qonnecting  ntdiator  to  main  of  so  called  one  pipe  system,  shows 
baMe  tongties  which  deflect  part  of  ihi?  F^cr  from  the  main  in  and  out  of  the  radiator  while 
.-by  passingfthb^tliitanoe  aloi^  the  main.         '     ;  ^    ,\ 


makts  them  virtually  high  pressure  systems.  The  object  of 
increasing  the  pressure  is  to  raise  the  boiling,  point,  thus  the  water 
ean  be  heated  to  a  higher  temperature  when  under  high  pressure 
without  generating  steam,  than  can  be  done  with  low  pressure. 

In  England  high  pressure  hot  water  systems  are  used  for  various  purposes^ 
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Buch  as  laimdry  dryers,  bake  ovens,  enameling,  etc.,  the  ^tem  woTkmg 
at  from  250  to  350  defftea.  The  piping  is  matiWy  smaU,  ertra  b^vy 
fnpe  and  fittinga  being  used. 

As  distinguished  from  low  pressure  plants,  high  pressure  systems  are 
provided  mth  dosed  expansion  tanks,  the  tank  containing  water  for  the 
system,  and  air  which  forms  a  cushion.  The  expan^on  tank  is  provided 
with  a  safety  valve. 
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Pic.  6,420.— Hm 


Pu).E,410, — Onrtuod  iTstem.  lti*coiiBil9*4^>° 
It  B  not  adapted  to  all  rliTi  oE  buildiaas.  the 
cAge  bundiiigH.  hotel£,  etc.,  nben  the  Bcnqral  ai 


'  at  anrpoint  on  tbe'ByEtem ,  as  the  omBgemeat  is 
«ueB  oa  into  tb«  eipaosion  tanll. 


ner  one.  the  circulatma 
po.  The  upper  end  ci 
e  stand  pipe  is  screwed 
to  the  bottom  openiiuE  of 
hollow  bulb,  tanned  a 
paratins  chajnber. 

piping.  Although 

.  ^,Jartment£,  atoit*. 

f  to  this  $;it«B.    No 
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Pio.  6,421. — ^Koerting  hot  water  heatinsT  system.  It  ha»  a  series  of  motor  pipes  leadinsr  from 
the  upper  part  of  the  heater  to  a  mixer,  where  the  steam  is  condensed  before  it  reaches  the 
expansion  tank  by  the  water  entering  through  the  by  pass  from  the  return.  The  velocity  of 
the  steam  and  water  through  the  motor  pipes  and  the  partial  vacuum  caused  by  the  con- 
densation in  the  mixer  produces  the  acceleration  up  the  flow  pipe. 

Fig.  5,422. — Jorgensen  and  Bruchner  hot  water  heating  system.  The  heater  K,  delivers  the 
hot  water  up  the  flow  pipe  to  a  regulator  R,  where  a  separation  takes  place  between  the 
steam  particles  and  the  Water,  thus  causing  an  acceleration  up  the  motor  pii>e  to  the  e3q;Mui- 
sion  tank  A.  The  water  in  the  flow  pipe  2,  is  probably  Aear  to  the  temperature  of  that 
in  1.  ^  After  passing  through  the  radiators  the  water  in  3,  is  at  a  lower  temperature  than 
that  in  2.  The  steam  particles  which  have,  collected  in  the  expansion  tank  A,  above  the 
water  line  are  condensed  in  V.  The  acceleration  in  the  system  is  thus  produced  bv  a  combi- 
nation of  the  upward  movement  of  the  steam  particles  in  motor  pipe  1,  said  the  induced 
upward  current  m  3,  toward  the  condenser  V. 


Pio.  5.420. — Text  continued. 

chamber,  which  has  also  an  opening  at  the  top  into  which  the  pipe  connection  to  the  ez' 
pansion  tank  is  made..  The  lower  half  of  the  stand  pipe  is  screwed  into  a  bottle  shaped  hollow 
casting,  terminating  in  a  hollow  cup  or  shoe  screwed  on  the  bottom  of  the  pipe.  The  plug 
B ,  screwed  into  the  bottom  of  the  bottle  makes  it  tight  except  for  opening  C,  on  one  side  near 


NOTE. — It  will  he  noticed  in  figs.  5,421  and  5,422  that  the  condensation  in  one  system 
takes  place  before  the  expansion  tank  and  in  the  other  system  after  it  has  passed  the  expansion 
tank.     Ffich  of  the  systems  illustrated  may  be  carried  under  pressure  by  a  safety  valve,  or  by 
"  expansion  tank  located  high  enough  to  give  sufficient  static  head. 
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fics.  5,423  and  5,421.— Reck  aysUm  of  hot  wat«  hea 

ters  the  condenaer  C .  and  thenco  into 

dinctty  from  the  heater  up 

boiWu  ■dmitted  to  the  nu, 

er  B .  obovB  the  condenser  and  enlera  tho  cireuUling  water  iuit 

below  the  expannon  tuilc. 

Tha  velocity  of  Ow  atean 

and  the  partial  vacuum  earned  by  the 

ruches  the  top  ofthe 

Che  eioanaion  tank.    When  the  water 

verflow  pipe  the  water  ntunu  to  the 

■team  b«ler  t&i«wh  the  c 

a  off  heat  to  tho  upper  curienl  of  tho 

be  seen  that  tho  watar  in  the  .ystein  and  die  steam  from  tha 

boiler  unTtB  fioDi  tha  inlet 

at  tho  Tni**r  to  the  T*pf^Tlai'^^  tuUc*    Oa  all  other  pafta  of  the 

nt. 

the  top  of  tho  CMting,  into 

which  eipansion  pipe  fn 

m  heating  aratem  ia  connected.     The 
nber.  beine  filled  with  niereurv  to  the 

heiabt'rf^tho  s^  pl^^D,  making  it  approximately  IM  inT  in  dspth.      The  principle 

of  the  operation  ol  the  gen 

rator  IS  based  on  tho  fact 

that  mercurx  la  thirteen  times  heavier 

than  water,  and  the  appai. 
pound!  to  break  the  seal  an 

tua  ia  reaUy  a  mercury 

ach  the  eipansion  tati.    The  various 

part!  of  tho  generator  are 

ewatcrty  plate  E,  when 

ss^.'-ates,'? 

:hBmber  at  the  bottom  of  the  Eenerator.    The  rapidity  of  the 

ping  and  reduced  radiatio 

M  teft  pounds  preuure.  rendera  the  reduced  amount  of  radiation  (10%  reduction),  effective 
tor  cold  wmthar  &nd  the  nide  range  of  lemperatuni  allaws  of  a  mild  degiee  of  beat  in  warmer 
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By  inci^asii^g  the  velocity  of  the  circulation  smaller  pipes  may 

be  used,  thus  resulting  in  a 
reduction  ^n  co^t  of  labor  and 
material.  Ihlimierousdevices 
have  been  introduced  to  ac- 
celerate the  circulation  and 
the  following  principles 
which  haVe  been  employed 
may  be  metitiohed. 

1.  High  pressure  ,to  gain 
greatjar  temperatitire 
diflferencei      i 

2.  Superheating  a  part  or 
all  of  the  circulating,  wat^ 
as  it  passes  through  the 
heater  and.  condensing  the 
steani  thu3?forriied  by  mixing 
it  with  a"  portion  of  the  cold 
circulating  water  of  the  down 
flow  pipe. 


^      MOTOR 


1 


MAIN 
RI5ER 

Fig.  5,425. — ^Modified  Reck  hot  water  heating  system.  Mn  this  ByMtem  air  is  injected  in 
the  riser  pipe  at  B,  and  causes  the  acceleral^ion  by  a  combination  of  the  partial  vacuum 
produced  by  the  steam  condensation  as  just  mentioned  and  the  upward  current  of  the  air 
particles  as  m  an  air  lift.  Steam  enters  through  the  pipe  J,  and  ejector  H,  tothe  mixer  at 
B,  where  it  is  condensed.  In  passing  through  H.  air  is  drawn  from  the  tanlc  E.  and  enters 
the  main  riser  with  the  steam.  The  upward  movement  of  this  air  thrdugE  the  motor  pipe 
to  the  tank  induces  an  upward  flow  of  the  water  in  the  main  riser.  By  this  combination 
there  are  formed  three  complete  circuits,  water,  steam  and  air,  uniting  as  one  circuit  from  the 
mixer  B,  to  the  ex];>ansion  tank  E.  The  steam  furnished  may  be  supplied  by  a  separate 
steam  boiler  or  by  steam  coils  in  the  fire  box  of  a  hot  water  boiler. 
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3.  Introducing  steam  or  air  into  the  main  riser  pipe  near  the 
top  of  the  system. 


4.  Forcing  by  pumps. 


3 


ELECTRIC 
HEATING 

Production  of  the  Heat. — For  domestic  and  some  industrial 
purposes,  heat  is  produced  by  electricity  by  forcing  it  through 
resistance  wires,  raising  the  temperature  of  the*  latter,  and 
applying  the  heat  thus  generated  to  the  articles  to  be  heated. 
Resistance  wires  are  nmde  of  special  materials  and  are  capable 
of  withstanding  high  temperatures  without  deteriorating. 
Metals  and  alloys  having  high  specific  resistance  or  low  temper- 
attiire  coefficient  of  resistance  are  largely  used  for  resistors. 

Heating  Units. — ^The  term  heating  unit  is  given  to  that  por- 
tion of  a  cooker  or  heater  which  gives  out  the  heat  for  warming 
an  oven  or  hot  plate  or  for  raising  the  temperature  of  a  room.  It 
consists  of  some  material  which  is  more  or  less  a  bad  conductor 
of  electricity,  and  when  current  is  taken  through  it,  by  making 
it  form  a  portion  of  an  electrical  circuit,  it  becomes  hot  owing  to 
the  resistance  it  sets  up  to  the  current.  In  order  to  meet  the 
varied  conditions  of  service  there  are  numerous  forms  of  resistor 
or  hea,jbing  unit,  and  these  may  be  classified  as: 

1.  Exposed  coils  of  wire  or  ribbon  open  to  air  and  wound 
around  insulating  material. 
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6,426  to  5,436.— Varicuo 
^3  of  heating  unit. 


2.  Wire  or  ribbon  in  the  form  of  coils 
or  .flatlayers,  embedded  in  enamel,  as- 
bestos, mica,  or  other  insulators. 

3.  Filling  of  metal  fixed  on  enamel, 
mica,  or  glass. 

4.  Metallic  powder  mixed  with  clay 
and  compressed  in  forms,  and  crystal- 
lized silica  in  tubes  of  glass. 

6.*  Incandescent  filaments  in  vacuum. 

Electric  radiators  for  room  heating  consist 
usually  of  a  resistance  wire  wound  on  asbestos 
tubes  covered  with  a  coating  of  fire  proof 
cementing  compound.  When  air  is  thus  ex- 
cluded, German  silver  may  be  used  as  a  resis- 
tor. 

The  following  details  are  given  of 
some  of  the  heating  units  in  general  use: 

The  Eclipse  element  consists  of  high 
resistance  ribbon  crimped  to  give  greater 
length  and  free  air  space,  wound  over  mica 
strips  with  the  ends  coimected  to  heavy  eyelet 
terminals. 

The  Color  element  has  a  base  of  fire  clay 
with  grooves  into  which  spirals  of  fine  high 
resistance  wire  are  placed. 

The  Phoenix  element  has  spiral  wire 
coils  held  lightly  at  short  intervals  by  porcelain 
insulators  moimted  on  a  suitable  base. 

The  Hot  Point  element  is  made  up  of 
nichrome  wire  or  ribbon,  wound  lightly 
arotmd  thin  strips  of  mica,  then  further 
covered  with  a  thin  mica  covering  and  in- 
serted very  tightly  into  grooves  or  slots  made 
in  the  hot  plate  or  iron  base  to  receive  the 
finished  strips. 
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The  Belling  element  consists  of  a  fire  day  strip  with  spirals  of  nichrome 
wire  stretched  across  the  width  of  the  base,  notches  being  provided  in 
the  base  for  receiving  the  ends  of  the  spiral  and  holding  them  tightly  in 
position  in  the  manner  shown. 

The  Jackeon  element  has  a  different  dass  of  fire  day  base  with  quite 
a  smooth  sur&ce,  the  section  of  the  strips  being  a  flat  oval  wire  or  ribbon 
of  nichrome,  is  wound  tightly  over  the  strip  in  one  continuous  length  and 
damped  between  heavy  terminals  at  each  end. 

The  Tricity  elements  consist  of  nichrome  ribbon  woimd  over  thin  mica 
and  cLaiaped  between  thin  sheets  of  mica  and  metal.  The  method  of 
winding  provides  for  tmiform  distribution  of  heat  at  any  loading. 

The  Bastian  or  Quartzalite  element  consists  of  a  spiral  of  nichrome 
wire  or  ribbon  coated  with  a  film  of  oxide  insulation.  The  spiral  is  hdd  in 
or  on  a  tube  of  quartz .  The  turns  of  the  spiral  may  be  dose  together  without 
fear  of  short  circuit.    This  gives  it  a  "hot  rod"  appearance. 
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Fig.  5,437.— Arrangement  of  internal  circuit  for  heaters  giving  three  heating  values.  In  the 
diagram,  A  represents  one  third  of  the  heating  circuit; -BB,  two  thirds.  With  switch  S  on. 
one-third  of  full  heat  is  given;  with  S',  two  thirds,  while  with  both  S  and  S'  on,  the  heater 
works  with  full  power.  At  T,  are  two  terminals  to  which  the  ends  of  the  flexible  cord  from 
the  plug  are  secured. 


Temperature  Regulation  in  Electric  Heaters. — Many 
appliances  have  only  one  internal  circuit  so  that  only  one  heating 
value  can  be  obtained.  There  are,  however,  a  great  number 
which  have  their  resistances  divided  into  two  or  more  parts, 
which  can  be  connected  in  different  ways,  so  that  several  heating 
values  can  be  obtained. 

In  the  simplest  case,  the  internal  circuit  consists  of  two  parts 
of  equal  heating  capacity,  each  being  independently  controller^ 
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by  an  ordinary  switch,  <x  the  two  by  a  double  switch,  thus 
pennitting  operation 

1.  With  either  circuit  on. 

2.  With  both  circuits  on. 

In  some  cases  the  internal  circuit  is  divided  into  two  parts  of 
unequal  heating  capacity  so  three  heating  values  can  be  obtained, 
by  operating' 


s.  6,433  to  e.440.— Internal  ciicmti  o£  beitei.  Am  mhoun  the  hesMa  wties  ara  divided 
_jta  Gate  lectiona:  A.  B.  and  C.  connected  ta  tbe  eitemal  termimila  P.  A  three  hole 
■octet  8,  has  one  conductor  of  b  twin  flEiible  conJ  connected  to  tha  two  outer  aoeteti,  and 

""  ■    ■     ■  'le  put  on  the  pini  in  three 

_.    ..._    ^, ...    _.-3S,  section  A,  only  of  tlie 

3.439.  sectionsB  and  C  are  connected,  and  in  fig.  6.140,  all 

_  >  signs  -f  and  —  in  each  figuiE  indicate  the  heater  end  of  tbe 

flexible  cord,  tbe  other  terminatinE  in  a  plup  connectjon  or  switch  plu^  on  the  wall,  la 
•ome  appaiBtus.  a  three  or  four  bole  socket  la  made  to  fit  a  coireKiandins  number  at  pin* 
ia  one  poettion  only,  and  is  connected  through  a  tripte  or  quadrume  flexitaln  coid  to  a  two 
oi  thiee  way  switch  adjacent.  Tbe  various  degree!  id  heat  are  then  obtained  by  attanng 
(ha  position  of  the  switch. 

1.  No.  1  circuit  alone. 

2.  No.  2  circuit  alone. 

3.  BoUi  circuits. 

Thus,  several  degrees  of  control  can  be  obtained  by  providing 
enoi^h  internal  circuit  charges. 
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Room  Heating. — Only  in  a  comparatively  few  instanees-is 
electricity  employed  to  advantage  in  the  heating  of  rooms,  such 
practice  being  confined  chiefly  to  intermittent  auxiliary  service 
in  offices  and  dwellings,  ticket  booths,  or  on  electric  cars  where, 
because  of  the  cheapness  of  the  supply  (being  generated  on  a 
very  large  scale  at  the  power  house),  it  is  desirable  for  heating. 
Fig.  5,441  shows  the  underseat  method  of  car  heating  and  figs. 
5,442  to  5,445  the  side  truss  arrangement  with  wiring  diagrams. 

HEATING  CALCULATIONS 

Loss  of  Heat  from  Buildings. — To  determine  the  size  o£  a 
heating  plant  it  is  necessary  to  first  estimate  the  loss  of  heat 


FiO.  E,441. — Underseat  nethod  of  car  beatins;   ^ 


.^-.  J.  -'.  McElroy  n 

to  beat  ac  IS  to  20  foot  car  in  leio  neatbet.  Whea  the  outside  temperature  is  12.u°  P., 
onfc'  18.000  B.t.n.  are  required,  etc..  which  shows  the  necesaity  of  having  electric  heaterm 
sdJustAble.  The  amount  of  heat  neceouy  in  a  car  to  maintain  a  given  inaids  Ismpemture 
dependson:  1 .  the  amount  of  artifidat  beat  which  is  given  to  it;  2.  the  number  of  paasefuen 
carried.  The  average  peraon  ia  capable  of  Eiviag  out  an  amount  o£  heat  in  24  hours  prhich 
u  equal  to  ISl  B,t.u.  This  is  evidentlr  u>  enoi.  as  Kent  says  that  a  peison  gives  out  about 
400  heat  wiits  per  hour,  and  tests  by  the  Bureau  of  Standards  show  approiimatel]'  the  sama  ' 
UI3)Corape[sanBt  rest,  and  about  tmce  that  for  a  man  at  hard  labor  (B3S>. 


/* 
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from  the  btiilding.    This  is  figured  on  a  basis  of  B,t,u,  lost  per 
hour.    Heat  is  lost  in  two  ways: 

1.  By  radiation.     2.  By  convection. 

In  the  first  instance,  heat  is  transferred  through  walls,  windows,  etc., 
and  lost  by  radiation,  and  in  the  second,  it  is  earned  off  by  the  movement 
of  the  air  as  it  passes  out  through  the  opening  in  the  building. 

Values  for  radiation  losses  by  conduction  of  heat  through  various  mate- 
rials such  as  brick,  wood,  glass,  etc.,  have  been  given  oy  various  authorities 
as  found  by  experiment.  Although  these  tests  agree  closely,  the  results 
obtained  when  the  materials  have  been  put  together  in  a  buildmg  sometimes 
vary  quite  widely,  due  to  the  quality  of  the  workmanshir . 

The  following  table,  is  compiled  by  the  Gumey  Heating  Co. 
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Loss  of  Heat  per  Square  Foot  of  Surface 


Material 

BUM. 
per  hour 

Masonry 

4  inch  bnck  wall 

.68 

O         tt               U               tt 

.46 

12     «        «        •   

.32 

16     «        «        «   

.26 

20    «        «        *   

.23 

2^    tt        tt        « 

.3 

23    «        «        « 

.27 

36    «        «        «    

.25 

44     **        **        *    .       . 

.2 

For  reinforced  concrete  add 
20  per  cent  to  brick  values 
12  inch  stone  wall,  rubber  or 
block  masonry 

.45 

16  inch  stone  wall,  rubber  or 
block  masonry 

.4 

20  inch  stone  wall,  rubber  or 
block  ma-<v>Tiry, 

.36 

24  inch  stone  wall,  rubber  of 
block  masonry 

.3 

28  inch  stone  wall,  rubber  or 
block  masonry 

.27 

36  inch  stone  wall,  rubber  or 
block  masonry 

.25 

44  inch  stone  wall,  rubber  or 
block  masonry 

.2 

Planks 

1 J4  inch  pine  planks 

2}^     «        «         «      '.'.'.'.'.'. V. 

^           u          a            u       

Windows,  Skylights,  and 
Outside  Walls 

Single  window 

.3 
.26 
.23 
.2 

1.10 

**            **      double  glass. 
Double     **       

.62 
.50 

Sinele  skylight 

1.16 

Ji  inch  sheathing  and  clap- 
boards  

.30 

J-i  inch   sheathing,   paper 
and  clapboards 

.23 

Material 


Partitions,  Floors  and 
Ceilings 

Stud  partition,  lath  and 
plaster  one  side 

Stud  partition,  lath  and 
plaster  both  sides 

Ordinary  lath  and  plaster 
ceiling  separating  un- 
heat^  space  from 
heated  rooms. 

Floor,  single,  thickness  % 
inch,  warm  air  aboye 
and  cold  space  below: 

A.  No  plaster  beneath 

joists. 

B.  Lath  and  plaster 

beneath  joists..... 
Floor,    double,    thickness 
IH  inches,  warm  room 
aboye   and    cold    space 
below: 

A.  No  plaster  beneath 

joists 

B.  Lath    and    plaster 

beneath  joists.. , 

Miscellaneous 

Wood  as  flooring , . . . 

**       **  ceiling ,'. 

*       "  wall 


Iti 


BJ.u. 
per  hour 


.26 

as 


.26 


•i   -.«*»* 


J20 

.12 


;7^l*#S 


.13 


Fire  proof  flooring. 
**        "     ceiling. . 
Cement  as  flooring 
Dhi;        \     •«      .,....;, 

Wood  under  slate  or  com--' 
position  roof. .......... . . 

Wood,  imder  iron. ......;. 

Tile  (no  boards  undemqa^^h) 
Cement  roof.* .'. . . 


.83 

.104 

.22 

.124 

?I45 

'  .31 

.23 

.3 
.17 
1.25 
.6 
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15X20X14  (high).    Areaof  windowB4X(3X5)=60 

Area  of  walls  2(15+20)  X 14— 60 =920  square  feet 
'      "  floo- 15X20-  300      " 

■      •  coling  15X20-  300      "        ' 
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B.(.«.  lost  throiM^  windows-  60X1.1     X(72°—32'') -2.640 

"  '       walls       =920X  .27  X(72''— 32°)=9.936 

•         V        ■       floor       -300X  .124X(72''— 32°)  =1,488 

■         ■  '       ceUing     -300X  .145X(72''— 32'')«'1.740 

Total  loss  of  heat  per  hour,  normal  conditions  15,804B.(.u. 

This  loss  is  increased:  30  %  by  northern  and  western  cTcposure;  6J^  5 
for  high  ccilii^,  that  is,  total  loss  of  heat  per  hoar  under  the  special  con 
(Ution  is: 

15.804X1.365-21.573  B.(.u. 


Estimating  Radiation. — Repeated  tests  have  shown  that 
the  amount  o£  heat  given  off  by  ordinary  cast  iron  radiators  per 
square  foot  of  heating  surface  per  hour  per  degree  difference  in 
temperatiu-e  between  the  steam  or  water  in  the  radiator  and  the 
■"'r  surrounding  same  to  be  about  l.QB.tM.     Taking  this  as  a 
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basis  a  steam  radiator  under  5  lbs.  pressure,   corresponding  to 
228°,  which  is  surrounded  by  air  at  70°,  will  give  off 

(228°— 70°)Xl.6-253S.(.«. 
commonly  taken  as 

*250  B,t.u, 


iuitW  screw;  P,  water  inlet  pipe;  G,  air  BucCion  pipe;  k,  water  outlet  pipe;  \,  air  outlet; 
J,  bracket;  K,  chedc  valve;  L,  check  valve;  M,  sepatator  drain;  N,  motive  cyliiider;  O,  nir 
Cflinder;  P.  sloba  valve- Q,  ahelf;  R,  vacuum  ^use;  S.  lepBrstor  clean  oat;  T.  globe  valve; 
ll,  water  *hut-iA  eock:  V,  oil  cup  BOreir,  W,  naet  to  air  main;  X,  water  pteaeura  regulator 
No.  387;  Y.  water  lUuner  No.  2239;  Z.  globe  valve. 

per  sq.  ft.  of  heating  surface  per  hour. 

With  hot  water  at  an  average  temperature  of  160°.  the  heat 
given  off  is 
{160— 70)X1.6  =  144S.(.M. 

•NOTE.^-'nie  aathor  hopet  :he  liie  oC  type  here  uied  will  causB  tha  nader  to  lemembct 
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FRACTIONAL 
COMTROL  VAtVE 


WET  RETURN 


Pig.  5,460. — ^Bishop-Baboock-Becker  return  line  vacuum  heating  with  electllc  air  pump. 
Expansion  tank  E,  is  coimected  to  wet  return  line,  before  it  enters  strainer.  A  g^obe  valve 
B ,  should  be  placed  on  wet  return  line  before  it  reaches  e^qpansion  tank  connection,  so  vacaum 
pump,  etc.,  can  be  valved  off  for  testing.  Vacuum  controller  P,  is  connected  to  expansion 
tank,  and  automatic  electric  switch  F,  wired  to  motor  and  to  fuse  box.  Vacuum  gauge  G. 
is  installed  on  expansion  tank.  Strainer  H,  is  connected  to  wet  return  line  and  to  vacuum 
ptunp.    A  globe  valve 


HEATING  AND  VENTILATION 


2,993 


commonly  taken  as  ISOB.^.m.  per  sq.  ft.  of  heating  surface,  per 
hour. 

In  a  similar  manner  the  heat  given  off  by  radiators  working  at 
other  temperatures  may  be  determined.  The  following  table 
gives  values  for  the  various  systems  when  the  air  is  at  70^  Fahr. 

Heat  Given  Off  by  Radiators 


System 

Vorking 
^essure 

Temperature 
degrees 

B.Lu, 

per  square  foot 

per  hour 

Steam  (low  pressure) 

**      (atmospheric) 

"      (so  CAlled  vapor) 

**      (vacuum) 

5  lbs.   gauge 
0  lbs.       « 
5  in.  vacuum 

10    « 

15    « 

20     «           * 

228 
212 
203 
ld2 
179 
161 
160 

250 

227 
213 
195 

\  '  »*V'«*»****/ 

a                   u 

174 

u                  a 

146 

Water 

150 

Pig.  5,460. — Text  continued. 

A.  is  placed  on  line  between  strainer  and  ptimp,  so  ptunp  can  be  valved  off  when  necessary. 
The  strainer  has  a  globe  valve  C,  on  the  drain,  and  this  drain  is  piped  to  open  sewer.  Auto- 
matic air  separatizig  tank  L,  is  connected  to  air  pump,  and  to  boiler.  The  back  pressure 
valve  J ,  ftimished  is  installed  on  line  between  the  separating  tank  and  boiler.  The  air  vent 
K,  may  be  piped  to  chimney  or  outside,  if  desired.  All  connections  should  be  made  perfectly 
iigfU.  The  system  should  be  thoroughly  tested  and  cleaned,  before  being  put  in  operation. 
Before  operating,  fully  open  globe  valves  A.  and  B,  and  close  valve  C.  The  air  pump  is 
started,  as  soon  as  fire  tmder  boiler  is  lighted,  and  immediately  draws  air  from  the  system. 
The  pump  discharges  the  air  into  automatic  air  separating  tank,  and  it  passes  out  of  the  air 
vent.  The  ^tmip  will  continue  to  operate  until  the  desired  vacuum  is  created  in  system, 
and  then  it  is  automatically  stopped  by  means  of  the  automatic  electric  switch  and  vacuum 
controller.  This  is  usually  set  to  stop  pump  when  7  inches  of  vacuum  has  been  created,  and 
start  it  again  when  vacuum  drops  to  5  inches.  ^  When  steam  reaches^the  traps  these  thermal 
members  expand  thus  preventing  steam  passing  into  the  return  line  temperattire.  It  is 
<iuickly  ptdled  into  the  radiators ,  so  rapid  heating  is  assured  throughout  entire  system .  The 
instant  steam  reaches  the  traps  their  thermal  members  expand  closing  traps,  so  steam  cannot 
pass  into  return  line.  When  steam  condenses  in  radiators,  condensation  at  190  to  108 
degrees  cools  the  thermal  members,  causing  them  to  contract.  This  opens  traps,  and  all 
condensation  and  air  passes  out  quickly,  after  which  steam  following  agam  expands  thermal 
members  closing  the  traps  until  more  condensation  acctimulates.  The  condensation  and 
air  after  passing  out  of  radiators  is  drawn  out  of  return  piping  (assisted  by  vacuum  in  ex- 
pansion tank)  through  strainer,  into  vacuum  pump.  The  ptmip  forces  condensation  and 
air  into  automatic  air  separating^  tank,  and  when  tms  tank  is  full  of  condensation,  and  con- 
tains a  greater  pressure  than  boilerj,  the  back  pressure  valve  ppens  automatically,  allowing 
condensation  to  pass  into  boiler.  The  air  escai)es  through  air  vent  in  sei>arating  tank,  £n 
manner  ^ready  described.  As  condensation  never  remains  in  system,  there  can  be  no  ham- 
mering or  banging  noises,  and  no  danger  of  freezing.  The  parts  are!  A,  g^obe  valve;  B, 
globe  valve;  C,  globe  valve;  D,  electric  air  pump;  CT,  expansion  tank;  P,  automatic  electsic 
switch  and  vacuum  controller^  G,  vacuum  gauge;  H,  strainer;  J,  back  pressure  valve;  K,  air 
vent;  L,  automatic  air  separating  tank;  M ,  compound  gauge. 
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The  values  250  and  150  for  low  pressure  steam  and  hot  water 
respectively  although,  only  approximate,  are  standard  values  Jor 
ordinary  calculations. 

Example. — How  many  sq.  ft.  of  radiator  surface  are  required  to  heat 
the  room  in  the  previous  example  for  low  pressure  steam  and  hot 
water  radiators 

Total  heat  loss  per  hour  is  22.293  S.J.u. 

For     Gteam     sq.  ft.  radiator  surfaoe-22.293-i-250-  89 
"    hot  water  '    '        '  "       =22.293-M50=149 


Pig.  G,4SI. — Heat  loeees  due  ta  eiposed  floon,  ceilings  and  walla. 

Miscellaneous  Rules. — There  are  any  ntimber  of  so  called 
"rules"  for  quick  and  approximate  calculation  and  they  should 
be  considered  only  as  such  in  using  them.  The  following  are  for 
figuring  direct  radiation  based  on  wall  and  glass  exposures: 

John  H.  Mills:  One  square  foot  of  radiating  surface  for  each  two  square 
feet  of  glass,  and  for  each  twenty  square  feet  of  outside  wall,  and  everjr 
two  hundred  cubic  feet  of  space. 


HEATING  AND  VENTILATION 


Example: 
Glass  exposure,  square  feet,        60;  (1  to     2)  —30 
WaU  outside,  square  feet,         210;  (l  to    20>  =  lOJ^ 
Cubical  contents,  cubic  feet,  2,016;  (1  to  200)  =  10 

Total  50>^  sq.  ft.  steam. 

For  viater,  by  generally  accepted  standards,  add  60  per  cent  equals  81 
sq.  ft. 

Professor  R.  C.  Carpenter,  Cornell  University:  To  the  square  feet  of 
glass  surface,  add  one  quarter  of  the  exposed  v^  surface,  and  Vi  ^^  A 
of  cubical  contents,    f^^  for  rooms  on  upper  floors,  ft  for  rooms  on  first 


Vios.  S^u3  ud  S,4«3.— 


floor,  and  /i  for  lai^e  halls);  then  for  steam  multiply  by  .25,  and  for  water 
by  .40. 

Example. — Room  as  above. 

Glass  exposure,  60  square  feet,  to  which  add  one-quarter  of  wall  210+4 
=-53,  to  which  add  (room  first  floor)  A  cubical  contents— AX2,016 
■    -73.    Thus60x53x73  =  186X.25  (forsteam)=47squarefeet;  or,  18** 
X.40  (for  vater)  =  74  square  feet. 
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Peerleu  Tv»-Colniim  Radlaton 
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Mott  Iron  Works* — ^While  the  radiating  surface  which  will  be  required 
in  any  room  largely  depends  upon  the  proportion  of  exposed  waU  and 
glass  surface,  there  must,  however,  be  some  relation  to  the  cubical  content 
of  same.  Hence,  as  the  simplest  and  most  readily  comprehended  rule  of 
apportioning  radiation  the  following  table  is  given  as  representing  the  expe- 
rience of  the  best  heating  engineers: 

Radiation  Tables 

(For  steam  and  hot  Water) 


Dwellings 


Living  rooms,  one  side  exposed 
*  "      two  sides      * 

«  «      three  «         «       . . 

Sleeping    ** 

Halls  and  bath  rooms 

Public  Buildings 

Offices 

Schools 

Factories  and  stores 

Assembly  halls  and  churches 


Cu, 

ft.  of 

Cu. 

ft.  of 

space  using 

space  using 

steam 

hot  water 

50  to  55 

25  to  30 

45 

«  60 

20 

«  25 

40 

«  45 

15 

u    ^ 

50 

«  70 

30 

«  35 

40 

«  50 

20 

«  30 

50 

«  25 

30 

«  40 

40 

«  60 

20 

«  30 

70 

«  100 

40 

«  60 

100 

«  150 

6Q 

«  80 

For  direct-indirect  steam  radiation,  add  25%,  and  for  indirect,  60%, 
to  the  amount  of  direct  surface  to  secure  equal  value  of  heating  surface. 

For  direct-indirect  water  radiation,  add  33J^%,  and  for  indirect,  76%, 
to  the  amount  of  direct  surface  to  secure  equal  value  of  heating  surface. 

Allowances  should  be  made  for  extraordinary  conditions  such  as  character 
buildings,  location,  exposure,  and  quality  of  construction,  loose  windows 
and  doors  and  unusual  glass  exposure,  and  the  necessary  lengths  of  distribu- 
ting mains. 

In  apportioning  the  amount  of  indirect  surface  to  be  used  in  connection 
with  a  heating  system,  it  should  be  remembered  that  tliis  manner  of  heat- 
ing should  be  in  connection  with  some  system  of  ventilation,  and  therefore 


NOTE. — Tapping  radiaton.  Steam  or  vapor  is  lighter  than  air  or  water,  and^  there- 
fore, by  introducing  the  lighter  element,  steam,  at  the  top  of  a  radiator  and  removug  the 
heavier  elements,  air  and  water,  from  the  bottom,  the  laws  of  nature  are  followed,  and  accele- 
rated circulation  results.  Radiator  valves  are  easier  to  get  at,  when  at  the  top  of  a  radiator, 
also.  ^  Tapping  the  supply  and  return  at  one  end  facilitates  the  removal  of  a  radiator  or  in- 
creasing its  size,  if  building  changes  make  it  necessary,  by  adding  sections  to  the  opposite  end 
without  disturbing  ])ipe  connections.  ,  Be^  in  mind  that  the  efficiency  of  the  radiating  surface 
determines  the  tapping,  and  not  the  size  or  surface  alone.  Pipe  coils  require  special  considera- 
Hon  to  secure  adequate  steam  supply.  The  supply  connections  must  also  be  arranged  to  give 
nach  pipe  its  proper  supply  of  steam.  Failure  to  observe  certain  requirements  has  given  pipe 
coils  a  bad  reputation  as  radiators. 
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a  larger  .volume  of  air  must  be  warmed  than  when  using  direct  radiation, 
and  proportionately  with  the  system  of  ventilation.  In  buildings  with  a 
medium  provision  for  ventilation,  it  is  a  good  practice  to  add  75  per  cent 
to  that  which  would  be  required  in  direct  surface  to  obtain  the  amount 
of  indirect  required. 

Indirect  Heating. — ^The  amount  of  heat  given  off  by  an 
indirect  radiator  depends  upon: 

FLOOR 

FLOOP 

I 


FLOOR 
J0I5T 


\yR\p 


5TEAM  SUPPLY 


AIR  AND  WATER 
RETURN 

TURN  MAINS  OVE 
TO  WALL  AND 
DRIP  TO  FLOOR 


RUN  WET  RETURN 

BACK  AL0N6  WALL 

OR  UNDER  FLOOR 

SWIN6  CHECK 


Pig.  5.468. — Correct  method  of  rising  to  a  higher  level  with  drips  into  a  wet  return, 
"jump  ups"  allowed  without  dripping  as  shown. 

Pig.  5.460. — ^Improper  methods. 


No 


1.  The  difference  between  the  temperature  of  the  steam  or 
water  in  the  radiator  and  that  of  the  air. 

2.  The  velocity  of  the  air  passing  over  the  radiator. 
Under  ordinary  conditions,  the  indirect  radiator  will  give  off 

2  heat  units  per  hour  for  each  degree  difference  in  temperature 
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between  steam  or  water  and  the  air.  In  house  work  it  is  safe  to 
figure  from  400  to  A2QB.t.u.  for  steam  and  from  300  to  360  JB./.w.- 
for  water  per  square  foot  of  surface  per  hour.  In  school  house 
work,  owing  to  larger  volume  and  higher  velocity  of  the  air,  the 
efficiency  is  calculated  at  about  600  heat  units. 

Size  of  Mains. — ^The  steam  main  can  be  determined  by  taking 
the  total  amount  of  direct  radiation  to  which  add  26  per  cent  for 


PREFERRED 


^^"^"^^^""""y 


ACCEPTABLE 
DRIP 


";|/«FULL 

-1    ^»^^        UNAPPROVED 


\ 


REDUCE 


Pigs.  6,470  to  5,472.— Methods  of  rising  with  laige  maios  to  upper  floors. 


REDUCING  EU 
CLOSE  NIPPLE 
4-5*  ELL 


PIPE  CAP 
TAPPED  ECCENTRIC 


ECCENTRIC 
REDUCER 


ftofe.  6,473  to  6;476. — ^Three  ways  of  redttdng  eccentric.    Pig.  6,473,  used  at  turns;  figs. 
5,474  and  5,476,  used  on  straight  runs. 

piping,  and  from  this  total  extract  the  square  root,  dividing  same 
by  10,  which  gives  the  size  of  main  to  use.  This  is  for  one  pipe 
work.  For  two  pipe  work,  one  size  less  is  sufficient,  and  the  return^ 
can  be  one  or  two  sizes  less  than  the  supply.  A  steam  main  should 
not  decrease  in  size  according  to  the  area  of  its  branches,  but  very 
nuch  slower.  ^•-—  ^ 
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Example. — ^Having  GOO  feet  of  direct  radiation  add  to  it  25  per  cent  or 
125,  which  equals  625.  The  square  root  of  this  is  25,  which  divided  bv  10 
gives  2H*  or  the  size  of  the  pipe.  For  handy  reference  and  practical  use 
the  following  table  can  be  used,  though  not  not  exactly  in  accord  with  the 
foregoing.* 

Sixe  of  Steam  Mains 


Radiation 

One-pipe  work 

Two-pipe  work 

125  sqtiare  feet 

\^  inch 

IK  XI      inch 

250      «        • 

2        ** 

IHXlJi    « 

400      «        • 

2H    « 

2     XIH    " 

660      «        « 

3        « 

2HX2 

900      «        • 

3H    • 

3     X2H    * 

1,250      «        « 

4 

3J4X3 

1,600      «        • 

4J4    « 

4     X3M    ** 

2,050      •        • 

6        « 

4HX4 

2,500      «        « 

6        « 

6     X4J4    « 

3,600      «        • 

7        « 

6     X6        * 

5,000      •        • 

8        *» 

7     X6        " 

6,600      «        • 

9        * 

8     X6 

8,100      «        • 

10        « 

■ 

9     X6        - 

Sizes  of  Hot  Water  Mains 


125 
176 
300 
475 
700 


1,575 
1,975 
2,375 


Radiation 
75  to    125  square  feet 


175 

300 

475 

700 

950 

950  «  1,200 

1,200  «  1,675 

« 1,975 

«  2,375 

«  2,860 


« 

a 
« 


« 

« 
« 


Pipe 
\\L  inch 

iji 

2 

3 

3H 
4 

4H 
6 


a 
« 
a 

a 

« 


In  hot  water,  flow  mains  may  be  reduced  in  size  in  proportion  to  the 
branches  taken  oflfv  They  shoiild,  however,  have  as  large  area  as  the  sum 
o£  all  branches  beyond  that  point.  It  is  advisable  that  the  horizontal 
branches  be  one  size  larger  than  the  risers.  Returns  should  be  same  as 
flows. 


*  NOTE— As  recommended  by  the  WiHiam  Page  Boiler  Co..  New  York. 
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Table  of  Mains  and  Branches 

1 

Main 

Branch 

1      in. 

will  supply. . 
u          «       " 

«          a      " 

.2 

...   5^  in. 

IJiin. 

.2 

.  .  .     Z'*  ***. 

. .  .1      in. 

IJ^in. 

.2 

. .  ,1H  in. 

2     in. 

.2 

2Jiin. 

.2,  IJ^in.andl,  IJiin.,  or  1,2 

in. 

and 

1,  l^i^* 
1,  l}2in.. 

3     in. 

«          a 

.1,  2)^  in.  and  1,  2     in.,  or  2^.2 

in. 

and 

3Min. 

a          «      ^^ 

.2,  2)^  in.   or  1,3     in.,  and  1,  2 

in. 

or 

3,2     in. 

4     in. 

a         a 

.l,3J^in.  andl,  2J4in.,  or  2,3 

m. 

and 

4,2     in. 

4J4in. 

a         u 

.1,  3^  in.  and  1,  3      in.,   or  1,  4 

in. 

and 

1,  2Hin. 

5     in. 

a         a      ^^ 

.1,4     in.  and  1,  3      in.,  or  1,  4J^ 

J  in. 

and 

l,2>$in. 

6     in. 

4t          «       ^^ 

in. 

or 

10;  2     in. 

7     in. 

«         « 

.1,  6     in.  and  1,  4     in.,   or  3,  4 

in. 

and 

1,2     in. 

8     in. 

a         K 

in. 

and 

2,2     in. 
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Pig.  6,476. — Diagram  showinsr  sizes  of  pipes  required  for  heating  rooms  with  warm  atr.  7b 
U8€  the  diagram,  note  where  the  intersection  of  width  and  length  lines  fall,  and  the  sizes 
of  piping  required  is  indicated  by  the  letter  within  the  enclosed  heavy  lines  as  follows:  A* 
1st  floor  8  in.  basement  pipe;  2nd  floor  8  in.  basement  3M'X10'  riser;  B«  Ist  floor  9  in. 
basement  pipe;  2nd  floor  8  in.  basement  Zy^'XlW  riser;  C»  1st  floor  10  in.  basement 
pipe;  2nd  floor  9  in.  basement  Z^^XllH"  riser;  D*  let  floor  12  in.  basement  l>ipe:  2nd 
fl<x>r  10  in.  basement  6'  Xl^"  riser;  E»  1st  floor  14  in.  basement  pipe;  2nd  floor  12  in.  oase 
ment  8'  X14'  riser.  NOTE — ^Rooms  from  8  to  15  ft.  in  width  assumed  to  Siaye-siot  ow 
0  ft.  ceiltngs.    Rooms  15  to  22  ft.  wide  not  over  12  ft.  ceilings. 
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, 

Rule,—^Thfi  pipe  must  contain  as  much  cross  sectional  area  in  sq, 
ins.  as  there  are  square  feet  of  glass  surface  plus  6  per  cenl  of  outside  waU 
surface  plus  1  per  cent  of  cubical  contents  of  room. 

Example. — ^What  size  hot  air  pipe  is  required  for  a  room  10  feet  wide, 
12  feet  long,  9  feet  high,  with  two  sides  e3q>osed  and  having  three  windows 
2  feet  6  indies  wide  and  6  feet  high: 

Room  ID  feet  wide,  12  feet  long.  9  feet  high,  with  two  sides  exposed  and 
having  thr^  windows  2  feet  6  inches  wide  and  6  feet  high: 

Glass  surface    2yi  X6  X3  equals 45 .sq.  ft. 

Wall  surface  10     X9       equals 90 

Wall  surface  .12     XO       equals 108 

'  198 

Less  gloBS  surface ...» 45        153  sq.  ft. 

6abical-cont6nt8  10X12X9  equals. 1,080  cu.  ft.  ' 

One  square  inch  for  each  foot  of  glass  surface 45  sq.  ins. 

5  per  cient  of  exposed  wall  surface  .^  . '. 8    *     * 

l~per  Cent  of  cuoical  contents < 10    "     * 


Total.,; eai 


The  size pf  pipe  for  above  room  mtist  contain  63  square  inches,  therefore 
use  a  9~indi  roimd  pipe,      i 

For  isecofld  ^;ory  rooms  use  same  rule  and  deduct  15  pex:  cent  from  pipe 
capadiy.        «, 

For  rooms  necessitating  long  runs  of  pipe  always  figure  a  pipe  one  inch 
larger  in  diameter. 

To  Find  Sis&e  of  Hot  Air  Furnace. — The  capacity  of  hot  air 
furnaces  is  irated  in  terms  of  maximum  (cross  se(5tional)  area  of 
piping  in  inches  which  furnace  will  supply.  Accordingly,  to 
fin4  fhe  size  furnace  required  to  heat  a  residence  use  the  rule  just 
given  for  folding  the  different  sizes  of  pipes  necessary  to  heat 
the  roo^is  ^d  the  sum  of  the  area;of  these  pipes  will  determine 
the  size'fumace  required. 

Example. — A  house  having  nine  rooms  requiring  the  following  size  pipes: 

2— 12-inch  equals 226  sq.  ins.  capacity 

3—10-  «  « 234    '     «  « 

a— 9-  •  «     126    *      «  « 

a— 8-«         « 100    «      *  « 


Total  capacity  of  pipes 686 


c      «  m 
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This  house  would  require  a  furnace  having  a  pipe  capacity  of  at  least 
686  square  inches;  use  the  furnace  nearest  to  this  in  greater  capacity,  say 
700  sqiwre  inches. 

Ventilation. — The  Tespiration  of  one  adult  person  will  vitiate 
hourly  about  500  cu.  ft.  of  air,  to  which  should  be  added 
vitiation  from  other  sources,  such  as  moisture  from  the  body, 
methods  of  illuminatton,  etc.,  making  a  requirement  of  about 


a  duct  lusd  in  lisu  of  chimiiey,  (bowing  ventiktiiig  Tegiitei  and 
with  veotilatioE  register  at  bottom  snd  st«l  smolca  itack  u  luei' 
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1,000  cubic  feet  per  hour  of  fresh  air  for  each  adult  person  in 
average  living  rooms  and  places  of  assembly. 

The  atmosphere  of  rooms  is  changed  partly  by  diffusion,  but 
chiefly  and  efEectively  by  positive  currents — ^the  supply  of  fresb 


Pro.  S.4S0. — Mueller  hot  sir  furnace  instaltatioa  ihowiug  vent  Sua  and  fmh  air  duct.  Tim 
cold  air  near  the  floor  is  drawn  thiaugli  erilles  at  bottom  of  heater  caiiag  into  the  air  cbamben 
where  itiabeated.  In  the  case  of  halla.  schoala,  etc.,  at  night  and  in  fact  at  all  tinwi  [lupil* 
are  not  saembted  the  outer  air  lupply  should  be  shut  o3  and  the  air  aupply  taken  enlmlr 
from  the  room,  thus  materially  saving  fuel 

air  through  registers,  connecting  with  the  outside  and  becoming 
■med  as  it  passes  over  and  through  the  intervening  radiators — 
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and  the  discharge  of  the  foul  air  into  flues  provided  for  it.  A 
common  and  most  effective  means  in  domestic  ventilation  is  the 
chimney,  through AiLopen  fiie. place,  or  a  special  flue  in  proximity 
to  it  is  rendered  most  eftective  by  the  incident  heat  of  the  chim- 
ney. The  opening  to  this  flue  should  be  at  the  bottom,  practi- 
cally on  a  line  with  the  floor. 

The  fresh  air  from  the  outside  passes  through  registers  at  a 


! 

Pic.  S.Wl.^Metbodof 


velocity  from  200  to  300  feet  per  minute.  The  dear  openings 
of  a  register  will  be  approximately  two-thirds  of  its  full  area; 
thus  a  12  by  15  register  would  have  an  available  area  of  120 
inches.  The  fresh,  warm  air,  passing  at  this  rate  per  minute, 
would  supply  from  10,000  to  15,000  cubic  feet  an  hour,  and  meet 
the  requirements  of  a  family  of  from  10  to  15  persons. 

The  requirements  of  Massachusetts  Laws  in  th«  ventilation   of  schor' 
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looms  is  30  cubic  feet  of  fresh  air  per  minute  for  each  pupil.  Thus,  the 
average  room  providing  for  60  pupils  would  require  1,500  cubic  feet  per 
minute,  or  90,000  cubic  feet  per  hour.  Contemplatii^  a  movement  of  the 
air  at  the  rate  of  5  feet  per  second,  and  suppler  and  exhaust  registers — 2  by 
23^  feet  each — or  an  area  of  5  square  feet  wiU  insure  the  desired  result. 

For  churches  and  general  assembly  halls,  the  requirement  is  15  cubic 
feet  per  minute  for  each  person. 


OVERFLOW  ON  ROOF 


,482. — Overfed  water  heating  system  for  green  house.  In  thU  •ycfem  the  hottest  pipes 
being  in  the  most  exposed  ];)ortions  of  the  house,  the  cold  air  is,  which  finds  entrance  through 
or  around  the  ventilators  or  through  the  laps  in  the  glass,  tempered,  thus  tending  to  a  nearer 
tmiform  heating  effect.  The  expansion  tank  is  placed  above  the  high  point  of  the  system, 
and  for  which  there  should  be  pitch  along  the  upper  pipes  and  returns  to  facilitate  circulation 
and  allow  for  proper  drainage. 


Green  House  Heating* — In  heating  green  houses,  glass  or  its 
eqiiivalent  is  the  only  factor  considered.  If  amount  of  glass  be 
not  known,  multiply  the  length  of  the  house  by  its  breadth  and 
add  3^  to  get  glass  surface;  ]/^  equals  the  ends  and  pitch  of  roof, 
deduce  wall  surface  to  glass  equivalent  by  dividing  by  4  and 
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add  to  the  glass  surface.  The 
heating  surface  required  will  be 
found  by  dividing  this  total 
glass  equivalent  by  the  factors 
in  the  following  table  by  John 
J.  Hogan: 

This  table  is  computed  for  zero 
weather;  for  lower  temperatures  add 
1H%  for  **ch  degree  below  zero. 
A  zreea  house  requiring  200  feet  of 
surtace  at  zero  should  have  230 
square  feet  at  10°  below  zero. 


Pk.  e.4SS.— Unal  nutliod  ol 
pipe  to  heat  the  room 


thod  (4  Httinc  Dp  >  1 

BtroDolr  coadeituifdi 
m    The  efficiency  of 


ive  to  a  range  Ixrila'.    Tbeca  "beating" 

. wiehea  to  employ  a  loog  len^h  of  itors 

this  method  of  heating,  water,  even  with  the  low 


Heating  Surfiace  Factors  for  Green  House  Heatlnft 


Temperature  of  water  in  heating  pipes 


Square  feet  of  glass  and  its  equivalent  proportion  to 

one  square  foot  of  surface  in  heating  pipes  or  radiator. 

40° 

433 

5.26 

6.66 

7.69 

8. 

46° 

3.63 

4.66 

5.65 

6.66 

7.5 

fi.71 

55° 

2.63 

3.39 

4.16 

6. 

6.6 

60° 

2.19 

2.89 

3.63 

4.33 

6. 

2.53 

3.22 

70°     . 

1.58 

2.19 

2.81 

3.44 

5. 

75° 

1.37 

i.m 

2.5 

3.07 

4.5 

sr 

1.16 

1.63 

2.17 

2.73 

4. 

85' 

.99 

1.42 

1.92 

2.46 
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CHAPTER  84 


REFRIGERATION 


By  definition,  refrigeration  is  the  process  of  lowering  the 
temperattire  of  a  body,  or  of  keeping  the  temperatnre  below 
that  of  the  atmosphere.    Low  temperatures  may  be  produced: 

1 .  By  transfer  of  heat  from  a  warm  to  a  cold  body, 


evPANStONOFAIR 


COLO 


LOW 
PRCSSURC 

HIGH 
PRESSURE 

Pigs.  6,485  and  6,486. — Methods  of  refrigeration,  fig.  5,485,  by  transfer  of  heat  from  a  warm 
to  a  cold  body;  ^.  5,486,  by  expansion  of  a  gas.  Pig.  5,485  shows  the  familiar  process 
which  takes  place  mside  an  ice  box,  and  fig.  5,486,  what  happens  when  the  valve  inside  is 
suddenly  removed  fxom  a  tire. 


As  for  instance  in  an  ice  box,  the  ice  will  absorb  an  amount  of  heat 
from  the  warm  air  in  amount  equal  to  the  latent  heat  of  fusion  of  the  ice 
(142  B.tM.  per  lb.  of  ice),  when  the  ice  will  melt,  thus  cooling  the  air  and 
provisions  contained  in  the  ice  box. 

2.  By  expansion  of  a  gas. 

K  work  be  done  by  a  gas  tmder  pressure,  as  in  pushing  a  piston  by  expand- 
ing, this  work  must  be  done  at  the  expense  of  the  energy  contained  in 
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the  gas,  and  the  temperature  of  the  gas  will  fall.  This  can  be  verified  by 
placing  the  hand  in  the  exhaust  from  an  engine  operating  on  compressed 
air  which  will  be  found  to  be  considerably  colder  than  the  surrounding  air. 
The  same  thing  is  illustrated  by  removing  the  valve  from  an  auto  or  bicycle 
tire  and  allowing  the  air  to  suddenly  expand  by  escaping  into  the  atmos- 
phere, the  escapmg  air  mil  feel  cold  to  the  hand.  la  this  case  worb  is  done 
by  the  air  as  it  expands  because  it  pushes  back  the  suiroCinding  atmosphere 
to  make  room  for  itself  against  an  absolute  pressure  of  14,7  lbs.  per  sq.  in., 
hence  the  temperature  of  the  air  is  lowered. 


3.  By  evaporation  of  liquids  Imviog  low  boiling  points. 


Pigs.  6.487  and  S,488. — Brfrigeration  by  BraporBtion  ff 
taining  Binmonia  under  pressure  is  connected  ta  "     " 

noo  valvB.    The  liquid 

congealer.    Such  ah  am 
the  (ss  is  allonred  to  go  t 


When  a  liquid  evaporates  (that  is,  changes  from  a  liquid  to  a  gas),  it 
will  absorb  from  its  surroundings  an  amount  of  heat  equal  to  its  latent  heat 
eft  vaporization,  commonly  called  simply  its  latent  heat.  During  this 
process  or  transfer  of  ^eat  by  change  of  state  of  the  water  to  gas,  its  tem- 
peratia^  remains  constant,  but  the  temperature  of  the  surroundings  is 
lowered.  The  refrigerating  effect  or  amount  of  heat  which  may  be  trans- 
ferred in  this  way  is  considerable  as  compared  with  the  melting  of  ice  OT 
expansion  of  a  gas,  hence  it  is  the  method  generally  used.  Thus,  water, 
tltho^b  it  requires  only  180  B.t.u.  to  raise  its  temperature  from  the 
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freezing  to  the  boiling  point,  will  absorb  970.4  BAm.  (at  atmospheric  pres- 
sure), per  lb.  in  changing  its  state  from  a  liquid  to  a  gas,  that  is,  in 
changing  from  water  to  stdam. 

Since  nearly  all  systems  depend  upon  the  latent  heat  of  the  heat  absorbing 
medium  usea  to  produce  the  refrigerating  dfect,  it  is  therefore  necessary, 
in  order  to  get  a  dear  conception  of  refrigeration  principles,  to  properly 
understand  the  meaning  of  the  term  laUrU  heat.  This  is  explained  at 
length  in  other  volumes  of  this  series.* 

The  numerous  systems  of  refrigeration  may  be  dassifieci 
according  to  several  points  of  view  as: 

1.  With  respect  to  the  heat  absorbing  medium  or  cooling 
agent  employed  as: 

1.  Ammonia.  5.  Sulphuric  ether. 

2.  Carbonic  acid.  6.  Methylic  ether. 

3.  Sulphur  dioidde.  7.  Ethyl  chloride. 

4.  Pictet  fluid.  8.  Air. 

2.  With  respect  to  the  working  of  the  heat  absorbing  medium 
or  cooling  agent  as: 

a.  Compression   |^ 

b.  Absorption 

3.  With  respect  to  the  manner  of  applying  the  refrigeration  as: 

a.  Direct  expansion. 

b.  So  called  indirect  expansion  or  brine  circulating. 

c.  Semi-indirect  ^cpansion  or  brine  congealing. 

d.  Cold  air. 

e.  Pipe  line. 

Ques.    What  two  systems  are  most  extensively  used  ? 

Ans.     The  ammonia  compression  S3rstem  and  the  ammonia 
absorption  system. 


♦NOTE. — See  Chapter  1,  Basic  Principles,  vol.  1;   Chapter  56,  "From  Ice  to  Steam,' 
vol.  6. 
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Ammotiia  Compression  System. — The  anhydrous  ammonia 
used  in  this  system  is,  in  its  natural  state,  at  atmospheric 
pressure  and  ordinary  temperature,  a  gas.  In  fig.  5,490,  the 
essentialelementsof thesystemare:  1, compressor;  2, condenser; 
3,  receiver;  4,  expansion  valve,  and  5,  expansion  coils. 

In  operation  the  compressor  takes  the  ammonia  in  the  form 
o£  gas  from  the  expansion  coils  and  compresses  this  gas  to  a  pres- 
-mre  of  about  150  to  170  lbs.  pressure  into  the  condenser, 
and  as  it  strikes  the  cool  surfaces  of  the  condenser,  cooled  by  cold 


,490. — DiEfram  ihowiog  the  eaientiab  of  a  mechanical  eomprtttloix  ■«■(«»  with 

IS  lyiMin  is  used,  the  btine  being  cooled  by  the  er 
dated  thrDugh  pipea  id  the  refriaeiatinff  roon 


water  circulating  over  the  pipes  of  the  condenser,  the  gas  gives 
up  the  heat  which  it  absorbed  in  the  expansion  coils  and  that 
imparted  to  it  by  the  work  of  the  compressor  and  is  condensed, 
that  is,  becomes  a  liquid. 

The  liquid  ammonia  passes  from  the  condenser  to  the  receiver 
from  which  it  is  admitted  into  the  expansion  coils  at  a  lower 
pressure  by  throttling  on  passing  through  the  expansion  valv^ 
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Fio.  6.492.— Vilter  small  can  ice  plant; 

■ingle  acting  belt  driven  t/pe  with  by  pass  betwee 

fiom  condenser  and  stored  in  the  freei 

1^  mils,  or  1 

^M^s^'^SS 

make  repairs  to  either  the  h.p.  or  l.i 

).  ride  of  th( 

!  plant,    'oil 
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It  the  bottom  circulates  t 
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■J^tSI™' 

Liquid  rec 

it  is  for  Btotiag  liquid  ammonia  from 
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cans  ia  luch  as  to  permit  slow  f  reeling 
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rculates  the 

freezing  temperature  throughout  the 
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Anhydroui 

NqTS.—Anhiidroia  ammonia. 

meaus  ^«  . 

a  colorless  , 

formed  into  a  liquid  >tate,  just  as  ordi 
Imown  aa  liQKid  air.    The  change  from 

f  be  tranafo, 

the  gaseous  i 
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nVbelt 


aito  what  ia  popuUrly 

. .  „  _  is  accomplished  by  the 

mpplicalion  of  pressure  (average  under  good  operating;  conditions  130  to  186  pounds  sauge). 
Ilie  chan^  from  the  liquid  back  to  the  easeoiis  state  is  accomplished  by  the  release  oE  either 
all  or  most  of  the  preasure  of  liquification by  meani  ot  a  pnature  redudng  valref  under  operating 
conditions  average  pressure  for  gasification  k  10  to  25  pounds  gauge).  Anhydrous  ammonia, 
when  changing  its  state  from  a  liquid  to  a  oh.  lia*  the  inlierent  property  of  prodndng  a  cooling 
effect ,  similar  Xa  the  cooling  effect  piodneed  t»  iea  whm  cbangiDg  its  state  frooi  the  »lid  to  the 
liquid  state.  For  everf  ponnd  of  liqakl  anhrdnnu  ■mntonia  that  changes  its  stale  from  a 
liquid  to  a  gas,  about  four  times  aa  much  eocding  effect  is  obtained  as  that  produced  by  the  nuH- 
ing  of  ooe  pound  of  ice.  Anhydrousammoniaiausuallysold  in  drums  containing  GO  or  lOOpound- 
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The  reduction  of  pressure  in  passing  through  the  expansion  valve 
causes  the  liquid  ammonia  to  vaporize,  but  in  order  to  do  so  it 
must  be  supplied  with  a  certain  amount  of  heat  known  as  its 


Figs.  5,493  and  5,494. — ^Radiating  discs,  showing  method  of  attachment  to  direct  expansion 
coils.     These  discs  are  placed  upon  the  pipes  to  increase  the  heat  conducting  surface. 


P 


4" 


Figs.  5,495  and  5,496. — Radiating  strips  attached  to  freezing  coils  sometimes  used  in  place  of 
the  discs  shown  in  figs.  5,493  and  5,494. 
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latent  heat  of  vaporization  or  simply  latent  heat.  This  heat  is 
absorbed  from  the  surrounding  substances  or  bodies,  thus  pro- 
ducing the  refrigerating  effect  as  the  ammonia  is  evaporated  in  the 
expansion  coils.  After  passing  through  the  expansion  coils,  the 
vaporized  ammonia  returns  to  the  compressor  to  be  recom- 
pressed,  thus  completing  the  process. 


BceivcT.    The  liquid  enters  the  neeanmtai 
the  pure  vapor  is  iillowed  to  escape  by  mesn! 

■essor.    When  chaiHing  the  reser •'" 

«« the  valve  B.  is  ckwd.   C.  u 
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Ques.  What  name  Is  given  to  this  form  of  compression 
system,  and  why? 

Ans.  It  is  called  the  direct  expansion  method  because  expan- 
aion  takes  place  in  pipes  placed  in  direct  commimication  with  the 
substances  to  be  cooled. 

Ques.    What  are  the  advantages  of  this  method  ? 


Pio.  0.49S, — Brunswick  compresaioa  system  inataltatkm  adapted  to  dairy  work,    /n  the 
refrigerator.     The  low  u 
required  by  tt 


plant  tlie  compresaor  is  connected  to  a  combined  ice  makiiig  and  brine  cooling  ts 
storage  refrigerator.  TTie  low  temperature  brine  is  pumped  from  the  unk  to  th 
cooler,  where  the  milk  b  reduced  to  a  temperature  a  10  degrees  in  less  than  half 


Ans.     Simplicity,    economy,    ease   of    operation,    and    com- 


Ques.    What  Is  the  disadvantage  of  the  direct  expansion 
method? 


REFRIGERATION 


SI 


en.S- 


I 


§  I 


5-a 


I* 

Is 


§1 


3,022 


REFRIGERATION 


■•^■■N«lB*ikanaMBiaiBa*aaMi^ 


brine  in  a  tank  as  shown  in  fig.  5,500.  The  brine,  cooled  to 
3,  low  temperature  by  the  ammonia  in  the  expansion  piping  or 
cooler,  is  pumped  through  cooling  coils  placed  in  the  refrigerator 
as  shown. 

Ques.    What  are  the  advantages  of  the  brine  ch'culating 
method  ? 

Ans.     Where  the  plant  is  designed  for  operation  by  day  only 

FROM  EXPANSION   VALVE. 

RECEIVER 

^4 -IU>^        EXPANSION  COILS 


TO    ^ 


g^---'-->-- 


COMPRESSOR 


M 


^BRTNE 


CONGEALING  TANK 

.._REFRjG_ERATOR._J 

jPig.  5,500. — ^Elementary  ammonia  compression  aystem;  semi'indired  or  congealing  tank 
Uansmission.  As  shown  the  direct  expansion  piping  is  located  In'the  refrigerator  but  is  sub- 
merged in  a  tank  filled  with  brine,  this  heat  from  the  substances  in  the  refrigerator  is  trans- 
mitted to  the  expansionpipes  by  the  brine.  Here  there  is  no  forced  circulation  a5  in  the  brine 
circulating  method.  Wnile  this  system  gives  some  reserve  capacity  the  expansion  ooil  and 
nk  occt^ies  more  foom  in  the  refrigerator  than  in  the  direct  expansion  method. 
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the  brine  tank  is  made  suiKciently  large  to  afford  stor^e  of  cold 
brine,  the  temperature  being  maintained  when  the  compressor 
is  shut  down  by  continuing  the  circulation  with  the  pump.  It  is 
well  adapted  to  large  installations,  where  the  various  compart- 
ments to  be  cooled  are  widely  scattered. 


WATER  IMU 


#1G.  5.501. — Method  of  makiiig  brine.  TaVc  a  water  tight  barret  and  fit  t,  false  bottom  or 
wooden  eiating  ai  shown.  A  flingle  thickness  of  burlaps  should  be  stretched  across  tjie  top 
of  the  tabe  bottom  and  tacked  to  the  sidea  of  barrel.  The  outlet  pipe  for  the  brine  should 
be  four  or  fiv4  inchea  be1o#  th«  top  of  the  bam] .  and  the  water  supplied  at  the  bottom  from  a 
convenient  hose  or  faucet.  The  supply  pipe  should  be  of  about  IM  inch  diameter,  and  the 
outlet  pipe  about  IH  inch  inside  diameter.  To  make  brine,  fill  the  burel  above  the  false 
bottom  with  salt  and  turn  on  the  water.  The  salt  will  dissolve  rapidly,  and  more  must  be 
Eboveled  in  on  tc^.  The  barrel  must  be  kept  full  of  salt,  or  the  brine  will  not  be  of  foil 
Etrength.  Na  sltmnf  is  nectssaiy.  Keep  skimming  off  all  waste  matter  rising  to  tbc 
top.  The  brine  outlet  should  be  provided  with  a  strainer  o£  some  kind,  somewhat  as  shown 
in  the  fisuje.  to  prevent  cbips,  etc..  Tunning  out  with  the  biine.  Tbe  brine  cannot  be 
wslched  too  closely,  for  it  will  cause  trouble  and  annoyance  if  not  kept  at  the  right  densitv. 
llierB  is  conuderaUs  tosa  of  brine  from  evapoiatian  and  leakage  depending  upon  the  location 
of  the  brine  tanls,  and  the  tightness  of  the  stuffing  boiieson  the  pump  rocs.  Such  losses  a^ 
theseaieseiiousattimefi.andparticularly  where  theengineeromits  to  test  the  density  of  the 
"  '  " '^ -■-- get  too  weak  it  will  freeze  on  the  pipes  of  the  expansion  coil,  thus  forming  an 
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Ques.  Describe  the  semi-indirect  or  ^mgealing  tank 
method. 

Ans.  In  this  method  the  expansion  coils  are  placed  in  the 
lefrigerator  or  space  to  be  cooled,  and  instead  of  being  in  direct 
conMnunication  with  the  substances  to  be  cooled,  are  submerged 
in  congealing  tanks  filled  with  brine. 

Ques.  Describe  the  cold  air  method  of  applying  the 
cold. 

Ans.  In  this  system  a  current  of  air  is  chilled  by  passing  over 
coils  of  pipe  cooled  directly  by  the  evaporating  refrigerant,  or  by 
brine ,  or  by  passing  it  through  a  spray  of  cold  brine .  This  chilled 
air  is  passed  into  the  room  to  be  refrigerated,  and  then  back  to  the 
cooling  coils,  thus  maintaining  a  continuous  circulation. 

Ques.  What  are  the  disadvantages  of  the  cold  air  sys- 
tem? 

Ans.  It  is  not  applicable  where  any  drying  of  the  goods  by  air 
currents  would  be  harmful.  A  serious  objection  to  its  adoption 
is  the  fire  risk — ^that  is,  the  spreading  of  fire  through  the  air 
passages. 

Ques.   For  what  conditions  is  the  cold  air  system  suited  ? 

Ans.  It  is  used  for  such  service  as  chocolate  dipping  rooms, 
ice  cream  hardening,  fur  storage,  etc. 

Ques.    What  is  pipe  line  refrigeration  ? 

Ans.  The  production  of  cold  as  an  equivalent  for  ice  at 
places  remote  from  the  source  by  means  of  transmission  through 
wrought  iron  street  mains. 

Ques.  Describe  two  S3rstems  of  pipe  line  refrigeration 
in  use. 

Ans.    For  short  distances  circulation  of  brine  is  used,  the  low 
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temperatures  being  produced  at  the  source;  for  long  distances 
anhydrous  ammoma  is  transmitted  through  the  pipe  and  passed 
through  expansion  coils  at  the  places  to  be  cooled. 


Pits.  G.B02  and  E.EOa.— Solid  ntum  bend  wi 


g.  6,606,  return  bend  with  recesB;  'fig.  6,607'.  cond*os«  return  I 
:  6g.  S.609  (mslleable)  Oaita'  union;   fig.  6,610,  globe  valve. 
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The  latter  method  is  in  successftil  operation  over  lines  of  several  miles  . 
in  length,  and  refrigerators  along  its  course  are  cooled  as  effectively  as  im 
a  cold  storage  warehouse. 

Ques.    What  provision  must  be  made  on  brine  pipe  line 
installations  ? 

Ans.     The  pipes  must  be  thoroughly  insulated. 

This  is  done  by  putting  the  pipe  in  boxes  of  creosoted  plank  and  filling  in 

with  pitch  and  cork.  Among  the  objections 
to  the  brine  pipe  system  are:  1 ,  more  or  less 
loss  of  heat  from  the  brine  tank  however  care- 
fully insulated  it  may  be;  2,  it  requires  con- 
siderable ppwer  to  drive  the  brine,  sometimes 
a  distance  of  several  thotisand  feet;  3,  the 
brine  may  also  cause  in  the  course  of  time  a 
rusty  and  slimy  deposit  on  the  interior  of  the 
pipes,  which  makes  an  insulating  coating;  4, 
PROTECTOR        a  loss  of  efficiency  possibly  as  high  as  25  per 

cent.;  5,  corrosion  from  electrolysis  caused  by 
galvanic  action. 


Ques.      Name    two    methods    of 
6LA5S      compressing. 

Ans.     Dry  compression  and  wet  com- 
pression. 

Ques.    What  is  dry  compression? 

Ans.      Compression    in    a    cylinder 

Pig.  6,511. — ^Ammonia  gauge  with  i    j  ^  .         •      i     j_ 

glass  protected  by  a  tube  cut  out  COOleO.  Dy  a  Water  jaCKCt. 
at  intervals  to  show  the  level  of 
the  Uauid. 

Ques.    What  is  wet  compression  ? 

Ans.  In  this  method,  the  cylinder  is  not  jacketed,  but  a 
certain  amount  of  liquid  anhydrous  ammonia  is  allowed  to  enter 
the  cylinder  with  each  stroke,  the  cylinder  walls  being  cooled 
by  its  evaporation. 

Ques.    What  is  the  objection  to  the  wet  system  ? 

Ans.     It  is  harder  on  packing,  as  there  are  few  soft  packings 
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that  will  stand  the  freezing  action  of  the  liquid  anhydrous 
ammonia  without  becoming  hard  and  causing  leaky  stuffing 
boxes. 


COMPRESSION  SYSTEM 
PARTS 

Compreaaor. — There  are  various  t;^pe3  of  compressor;  they  may  be 
either  vertical  or  horizontal,  and  there  is  much  vanatiorj  in  the  details  of 
the  valves.  These  differences  are  due  to  attempts  to  reduce  clearance  and 
heating.  To  prevent  injury  because  of  the  practically  zero  clearance,  a 
false  bead  is  provided  with  springs  to  hold  it  against  the  cylinder  end  in 


Fkj.  S,S12.— York  er 
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On  some  vertical  compressors  oil  is  used  in  the  cylinder  to  fill  the  clearance 


valves;   B",B',Iudtion  atop  valves;    1,2.3.4 

(iBige  niaciiineB) :    All  valves  closed,'  6pen  m 
»  2  and  3.    Run  machine  sloirlr  until  comprr 


purgingvalveonhcadof  cylinder  A,    To  eihaust  bm  from  compresMir  A  jjroceed  in  uuns 

thus  connecting  to  auction  of  cylinder  B,  and  eipelling  aaa  by  opening^paM  valves  2,  S 
other  cylinder  may  be  used,  as  one  is  used  to  eihaust  the  gas  from  the  discharge  tlirough  by 
low  pressure  side.    When  tha  machine  is  runaiiis  on  recutar  duty  the  by  put  valvM  muct 
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spaee  and  to  absorb  the  heat  of  cxnnpreaaion,  although  this  method  ia 
otvjectionable  in  that  the  oil  gets  into  the  condeDBer  and  expansion  coils, 
rendering  them  less  efficient  in  transmitting  beat.  The  ei^ineer  should  be 
able  to  tell  whether  the  compressor  valves  are  working  properly  by  putting 
his  hand  on  the  inlet  or.outlet  pipes. 

In  operating  a  compressor,  carry  as  high  suction  pressure  as  possible,  or 
such  that  the  boiling  point  of  the  ammonia  will  be  about  10'  Fahr.  below 
the  worldng  temperature. 

It  is  well  to  have  a.  compressor  stuffing  box  in  two  parts  or  double  packed. 


Figs.  G ,314  lUid  6.515. — AceidEntto  compmsor  with  fiied  haod,  showing  ncoeamty  otiiprisc 
bnd.  At  thown  thesuctkin  valve  cap  and  niA  have  unscrewed,  allowing  the  valve  to  diop 
into  the  cylinder,  and.  bain£^  caught  on  the  ntum  atmlra  of  the  piiton.  hu  CAused  piatm  to 
iorce  oft  the  head  as  shown. 

the  inner  part  to  be  o£  proper  proportion  to  hold  the  packing  against  the  loss 
of  ammonia  and  the  outer  of  only  slight  depth  to  retain  the  lubricating  oil 
within  the  annular  space  provided  between  the  two,  and  through  whitih  the 
rod  passes  in  its  travel. 

In  operation,  scale  and  gritfrom  the  pipine  may  pass  throu^  the  valves, 
and  some  parts  are  caught  while  the  valves  are  closing.  The  constant 
hammering  of  these  small  particles  of  metal  or  sand  between  valve  and  seat 
make  both  very  rough,  so  that  they  cannot  close  tight. 

ff  too  rough  for  grinding,  have  the  valves  faced  off  a  little  and  then  grint' 
them  to  the  seat  until  the  surfaces  are  smooth  and  without  deep  spots 
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o  shoulders  and  work  free  without 

-.  ---  ,1  the! 

table  of  "properties  of  saturated  ammonia"  will  show  the  saturation  tem- 
perature corresponding  to  the  back  pressure. 

If  the  last  trace  of  the  liquid  ammonia  be  evaporated  before  the  vapors 
reach  the  compressor,  there  is  likely  to  be  considerable  superheating,  that 
is,  the  temperature  of  the  vapor  entarine  the  compressor  is  Ukely  to  be  sev- 
eral degrees  higher  than  that  shown  by  the  tables  to  correspond  to  the  back 
pressure  carried.  This  condition  resiuts  in  a  considerable  loss  of  efficiency 
and  shoiUd  not  be  allowed  to  continue. 


the  piston  rod,  and  which  is  filLca  with  ell.  The  oil  is  circulated  through  this  annulsr  cavity 
by  means  of  a.pump,  which  returns  it  tu  a  reservoir  after  eireulation.    The  oil  ia  thus  circu- 

on  the  stufhogboi,  the  leakage  of  ammonia  past  the  piston  rod  is' easily  prevented.  "Hiereia, 
however,  same  pressure  upon  the  packing,  and  it  should,  therefore,  not  be  neglected,  as  the 
lealouEBunderasIow  a  pressure  OS  15  pounds  is  qiiite  serious.  InaUvubleacHngcompHt^ 
aorthestutlingbox  is  subjected  to  the  high  pressure  Ras.  and.  therefore,  requires  more  careful 
attention.  However,  the  manufacturers  of  modern  double  acting  compressors  have  improved 
the  stuffing  boiet  to  auch  an  extent  that  the  danger  of  leakage  is  but  trifling. 


Where  low  temperatures  are  carried  the  return  gas  may  be  so  far  below 
32  d«rees  Fahr.  that  the  same  rise  in  temperature  that  would  ordinarily 
completely  change  the  appearance  of  the  return  line  if  it  took  place  at  a 
higher  temperature  would  not  affect  the  frosted  Une  at  all,  as  far  as  out- 
ward appearances  are  concerned. 

The  frosting  of  the  return  pipe  is  an  indication  that  the  aitunonia  gas 

therein  is  takm^  up  heat  from  the  surrounding  atmosphere,  and  Uiia  heat 

'!iave  to  be  disposed  of  in  the  condenser  coils.    If,  then,  a  certain  amount 
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of  the  heat  in  the  returning  ammonia  gas  have  its  origin  in  the  engine  room, 
where  its  absorption  is  manifested  by  frost  in  the  retiim  line  to  the  com- 
pressor, it  is  evident  that  the  frosting  of  the  line  costs  energy  to  drive  the 
compressor  and  that  this  energy  costs  coal,  labor,  and,  raially,  money. 
The  return  lines  to  compressors  should  be  effectively  insulated  to  reduce 
this  loss. 

To  reduce  the  compression  temperature  in  a  dry  compressor  it  is  a 
common  practice  to  "carry  the  frost  back"  to  the  inlet  valve  of  the  com- 
pressor, or  to  allow  it  to  extend  slightly  beyond  this.*  The  gas  in  such  a 
case  is  at  a  fairly  low  temperature  at  the  start  of  the  compriession  stroke, 
and  will,  therefore,  not  heat. 


Pig.  5,517. — Various  approved  ];>ackings  used  for  ammonia;  any  of  them  may  be  employed 
independently,  or  two  or  more  used  together.  It  is  difficult  to  recommend  any  special  form 
<rf  i>acking.  Some  engineers  will  pack  with  pure  rubber  rings  entirely.  Others  will  use  rubber 
and  ordinary  duck  expansion  packing  alternately.  Still  others  use  an  expansion  ring  and  a 
sectional  rin^r  so  as  to  secure  a  quick  adjustment.  A  great  many  use  a  diagonal  packing  with 
excellent  results.  A  skillful  engineer  will  use  any  of  these  packings  with  success.  The  great 
objection  to  many  of  them  is  that  the  loose  fibers,  which  become^detached  by  the  action  of 
the  rod  or  of  the^oil,  manage  to  get  into  the  oil  wells  or  small  pipes  through  which  the  oil 
passes,  and  clogging  them  up,  may  prevent  the  flow  of  oil  and  consequent  lubrication. 


The  condition  generally  accepted  as  most  efficient  is  to  carry  the  frost 
back  to  the  inlet  valve  without  allowing  it  to  extend  beyond  the  same,  nor 
to  fall  back  to  any  great  extent. 

If  the  frost  be  carried  back  beyond  the  inlet  valve,  the  indications  are 
that  the  vapor  contains  a  considerable  amount  of  liquid  which  is  still  under 
the  process  of  vaporization.  The  percentage  of  this  liquid,  generally  con- 
sisting of  minute  drops,  may  be  so  great  that  its  vaporization  will  extend 
well  into  the  compression  stroke,  thus  having  the  same  effect  as  if  it  were 


■  *  NOTE. — If  the  return  gas  from  the  expansion  coils  be  allowed  to  reach  the  comixressor 
at  or  slightly  below  freezing  temperature,  a  coating  of  frost  forms  on  the  pipe,  the  phenomenolr 

IvaJnrr  />a1lAr1  "t^txr'r\nr\bt  f>i«>  fmat  hack  to  the  cotnnressor. " 


being  called  "carrying;  the  frost  back  to  the  compressor. 
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FlO*  C^lS.^—^mmoDim  compreision  tyitem  in  fuh  Inezer  jllustrating  method  of  pumiiiafl  out 
foTTniun.  OulY<n'*s>"S'BBctiii2comiJraai]risshoim.  To  take  o9  cylinder  bead ,  it  lonw 
thinfflK  biokeD  inude  and  it  be  impossible  to  have  the  machine  tuni  over,  the  valvea  A,  C» 
andE.ahauld  bsEhut.and  valve  D.  opened .  This  will  put  the  discharge  aide  of  the  cylinder 
incommunication  with  the  low  side,  and  the  pnsiure  in  the  top  of  the  cylinder  will  b«  equal' 
ind  with  that  in  the  law  aide.  Then  close  the  by  [osB  valve  D,  and  open  the  cylinder  piuge 
valve  G.  which  will  allow  the  ammonia  teicaiiiin?  in  the  cylinder  to  escape  to  theatmoephere. 
AsitisonlyaCthepressureofthslowEideitwilltalcebutatewaecoiubtoblowoa.  ^/fUa 

raece  of  hose,  the  other  end  beins  held  under  the  lurFace  of  the  water  in  the  CJ^Undsr  iai^tctl. 
The  hose  should  not  be  held  under  the  water  too  lone  or  aU  the  ammonia  mil  be  Abwnbed 
by  the  water;  this  will  leave  it  vacuum  in  the  compressor  cylinder,  and  the  water  wiD  be 

If  the  compressor  can  bi  turned  over,  the  quickest  way  to  pump  all  the  amiaonia  out  of  the 
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injected,  namely,  taking  up  part  of  the  heat  of  compression  for  its  vaporiza- 
tion. The  action  of  the  compressor,  therefore,  approaches  that  of  a  wet 
compressor. 

If  the  frost  be  carried  completely  over  the  cylinder  so  that  the  water 
jacket  has  a  layer  of  ice  on  its  surface,  it  can  be  assumed  that  a  portion  of 
liquid  ammonia  is  injected  on  each  stroke. 

Ammonia  Condenser. — Several  types  of  condenser  are  in  use:  1 ,  atmos« 
pheric;  2,  double  pipe;  and  3,  submerged.  The  form  most  desirable 
depends  upon  the  proposed  location  and  size. 

If  it  can  be  placed  on  the  roof  or  in  an  open  room,  the  open  air  condenser 
is  preferred  on  account  of  its  more  economical  use  of  water,  and  it  is  easy 
of  access  in  case  of  repairs. 

The  double  pipe  condenser  is  favored  where  water  is  to  be  used  over 
again  for  some  other  purpose  and  where  the  open  air  style  cannot  be  used 
on  account  of  building  construction.  This  style  is  made  with  one  pipe 
inside  of  another.  The  water  being  on  the  inside  of  the  inner  pipe  and  the 
ammonia  in  the  annular  space  between  the  pipes. 


Pig.  5.519 — Text  continued, 

condensers,  the  pressure  tank  and  the  liquid  tank,  is  a  slightly  more  complicated  affair  than 
that  of  the  low  pressure  side.  It  is  accomplished  by  means  of  a  pair  of  by  passes  between 
the  main  suction  and  the  main  discharge  lines,  as  shown.  By  means  of  these  by  passes  the 
action  of  the  compressor  can  be  reversed,  so  that  the  suction  becomes  the  discharge  and  the 
discharge  the  suction  line.  Ordinarily,  the  by  pass  valves  D,  and  E,  are  kept  closed,  and 
the  mam  line  valves  A,  and  C,  open,  so  that  tne  gas  returning  to  the  machine  through  the 
main  suction  line  would  pass  through  the  main  suction  valve  A,  through  the  compressor  and 
out  the  main, discharge  line  through  main  discharge  valve  C.  ,  First  open  the  expansion, 
valves  J,  J,  wide  open;  this  will  let  all  the  liquid  ammonia  run  into  the  low  pressure  coils. 
While  the  pressure  is  equalizing  in  the  high  ana  low  sides  the  machine  valves  can  be  adjusted. 
All  the  cylinder  stop  valves*  as  A,  and  C,  are  closed.  The  by  pass  valves  D,  and  £.  are 
opened.  Reference  to  the  sketch  shows  that  there  is  a  clear  passage  from,  the  discharge  side 
through  by,  pass  £.  into  the  bottom  of  the  cylinder,  and  when  the  machine  is  in  operation, 
the  gas  is  discharged  through  by  pass  D ,  into  the  low  or  suction  side.  This  reverses  the  com  - 
pressor.  The  reason  for  equalizing  with  the  expansion  valves  J,  J,  instead  of  through  the  by 
passes,  is  to  ^et  all  the  liquid  ammonia  into  the  low  side  before  starting  to  pump  out.  When, 
the  pressure  is  equal  on  the  gauges  H,  and  L,  shut  all  the  expansion  v?1  ves  J.  J  .and  start  the 
compressor.  It  will  takd^all  the  ammonia  out  of  the  high  side  and  discharge  it  through  by 
pass  D .  into  the  low  side.  The  cold  parts  of  the  low  side,  such  as, the  ice  on  the  coils  and  the 
air  in  the  freezers,  will  act  as  a  condenser,  and  the  ammonia  will  liquefy  and  be  carried  away. 
If  there  be  not  an  overcharge  in  the  plant,  and  no  foul  gas,  the  pressure  in  the  low  side,  when 
it  contains  the  entire  charge  of  ammonia,  will  not  rise  above  that  pressure  due  to  the  tem- 
perature of  the  coldest  part  of  the  low  side.  In  pumpinp  out  the  nigh  pressure  or  discharge 
side,  the  machine  must  be  run  very  slowly,  in  order  to  give  the  gas  time  to  pass  throush  the 
small  by  pass  lines.  In  this  operation  valves  D,  and  £,  are  oi>en  and  valves  A,  and  C,  are 
closed,  so  that  the  suction  is  cut  off  at  A,  but  continues  through  valve  E,  to  the  former 
dischaive  line  and  the  discharge  cut  off  at  C,  continues  through  valve  D,  to  the  former  suction 
line.  When  the  pressure  on  the  high  pressure  gauge  is  down  around  25  inches  of  vacuum 
thft  machine  can  be  stopped  and  by  pass  valve  D,  closed^  to  keep  the  pressure  of  the  k>w 
side  away  from  the  cylinder.  Then  close  valve  E,  and  give  the  discharge  stop  valve  C,  a 
turn  oi>en.  When  the  small  amount  of  gas  at  back  pressure  that  is  above  the  discharge 
valves  has  run  back  into  the  vacuum  of  the  high  side,  the  stop  valve  C,  is  closed  and  a 
vacuum  is  formed  on  the  whole  of  the  compressor  cylinders,  and  they  can  be  opened  up 
without  any  tear  of  escaping  ammonia.  Next  to  the  compressors,  the  high  side  has  to  be 
opened  up  more  frequently  than  the  other  parts. 
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Hie  economy  with  which  anv  plant  nmy  be  operated  def>ends  to  a  large 
extent  upoa  the  condenser,  and  no  harm  is  done  by  having  it  a  Jittte  larger 
than  isaDsolutely  necessary.  Care  must  be  taken  to  have  the  water  fiowing 
over  a  condenser  so  distributed  that  all  the  radiating  surface  possible  wiU 
be  covered,  because  a  much  higher  efficiency  is  thus  obtained. 

A  careful  watch  for  leaks  should  be  maintained,  the  water  should  flow 
evenly,  covering  the  pipes  equally,  and  in  the  use  of  double  pipe  or  shell 
■   asers  it  is  well  to  thoroughly  flush  the  water  pipes  occaaioaally  to 
-e  any  coating  or  obstruction  that  may  form  in  them. 


trips  between  pipes 


on?  the  trade  has  established  a.  rule,  that  is,  to 
>ndensing  surface  per  ton  of  refrigeratinecaMcity, 
when  operating  with  a  cooUng  water  temperature  of  from  58°  to  70°  Fahr., 


which  is  equivalent  to  approximately  38  lineal  feet  of  2  inch  pipe  per  ton 
of  duty. 

The  amount  of  water  required  per  minute  per  ton  of  refrigeration  for 
atmospheric  condensers  is  approximately  J^  gallon  to  IJ^  gallons  for  tem- 
peratures ranging  from  50°  to  80°  Fahr,  Trtien  the  water  leaves  the  eon- 
denser  at  95°. 
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The  engineer  can  t^  when  it  is  necessary  t 
charge  by  watching  the  condenser  pressure:  a  reduction  of  10  or  15  pounds, 
while  the  suction  and  condenser  exit  press^ire  remained  the  same,  would 
show  the  necessity  for  making  up  a  leakage  loss. 

The  lower  the  pressure  and  temperature  in  the  condenser  coils  and  the 
higher  the  temperature  and  pressure  in  the  expandinjg  coils  (the  back 
pressure),  the  more  efficient  is  the  working  of  the  machine. 


fiG.  A,£32. — AtDKMpheric  unmonia  condenser  tiou^h. 
TIh  mw  tooth  edga  of  th«  mEtRl  diitribulei  the  mier 
ernilr  alons  the  pipe  and  preveata  Bplatterine, 


eliminating  the  ammonia  receiver  from  the  system   the  ammonia  bping 
drawn  directly  from  the  condenser  coils  and  passed  through  the  enpansion 


"e  should  be  taken  t 


prevent 


In  setting  up  a  condenser  for  ammonia  the  branch  pipes  from  the  dis- 
charge to  the  comi>ressor,  as  well  as  from  the  liquid  return  pipe,  should 
have  valves  placed  in  them.  In  this  case,  if  a  defect  occur  in  any  stack  of 
ccril  in  the  condenser,  it  is  an  easy  matter  and  takes  but  httle  time  to 
inimp  down  and  cut  out  the  defective  stack,  and  then  go  on  with  the 
operation  of  the  plant  while  repairs  are  being  made. 
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m. 


U  Fta.  5  ,S25.—yUfr  aparatint  Irutri 

n  S  ing  («  that  aU  oU  cum  us  filled  a 
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Pig.  5A2a.~VIIUr  operaUng  ImtrucllonM.     2.  OS  trap  and  lituii  rcctittr,  (bowl^  cod- 
nections.      To  ihiit  down  atmprattor  (figs.  S,S2a  and  5.526).  close  main  liqtild  ^JwA. 

receiver.     Should  the disehftrsa  become  too  warm  while  tunning  «t  speed,  demtatiim  Ip— d 

engine  throttle,  and  when  the  caachine  stops  mnnins,  cIimb  auction  vilvii  P,  nd  qfltrwordl 
'ocharae  valve  Q.     7b  tfmifi  off  Jrqp,  open  vahre  C,  on  ml  trap  O,  and  laavoit  i^eofrooi 
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Pic.  5.625. — Text  continued. 

a  potanding  noise),  slow  down  the  engine  quiddy  and  run  it  veiy  slowly  until  the  liquid 
shall  have  left  the  compressor  and  the  poundinff  ceases.  This  operation  will  be  unnecessary 
if  the  suction  stop  valve  is  opened  very  carefully.  When  the  suction  valve  P,  is  wide  open 
pump  out  the  system  to  about  5  or  10  pounds  suction  pressure,  then  open  the  throttle  valve 
and  alle w  the  machine  to  run  to  ^|>eed .  Now  open  the  main  liqu  id  valve  A ,  from  the  receiver 
(fig.  5,526),  and  when  the  liquid  is  up  to  the  feed  cocks  regulate  these,  if  necessary,  to  give 
the  prei>er  back  pressure,  which  may  be  indicated  anywhere  between  15  and  25  pounds  on 
the  suction  pressure  gauge,  depending  more  or  less  upon  the  freezing  back  to  the  compressor. 
Judgment  should  be  exercised  in  i^pgulating  the  back  pressure.  It  should  be  so  regulated 
that  the  discharge  pipe  from  the  compressor  will  be  warm,  but  not  hot  enough  to  bum  the 
hands.  When  running  warm,  the  compressor  works  to  better  advantage  and  the  packing 
will  give  much  better  service  than  when  running  cold.  It  will  be  found  that  oil  will  not  work 
from  the  stuffing  box  into  the  compressor  as  freely  when  running  warm,  and  also  that  the  oil 
will  separate  in  the  oil  trai)  O,  much  more  rapidly  than  when  running  cold,  as  the  gas  will  not 
liquify  and  settle  in  the  oil  trap,  where  it  can  not  x>erfonn  its  functions.  Excess  oil  in  the 
system  is  a  condition  to  be  particularly  avoided. 

Fig.  5.526. — Text  continued, 

20  to  30  minutes,  then  close  it.  Open  valve  D,  slightly,  using  it  practically  as  a  feed  cock. 
Pipe  E,  which  connects  with  the  main  suction  pipe,  wiU  become  frosted,  and  as  soon  as  it 
loses  this  frost  will  indicate  that  the  ammonia  has  left  the  horizontal  oil  drum  under  the 
oil  trap  and  receiver.  Close  valve  D ,  and  allow  about  20  minutes  for  the  oil  to  settle.  Then 
open  valve  P.  and  drain  the  oil  into  a  bucket  under  suction  pressure.  It  is  well  to  do  this 
when  pumping  out,  as  at  that  time  there  will  be  less  pressure  on  the  horizontal  oil  drum,  and 
consequently  less  waste  of  ammonia.  The  oil  drawn  from  the  oil  drum  may  be  filtered  and 
used  again.  To  drain  oil  from  liquid  receiver  (fig.  5,526),  oil  may  also  accumulate  in  the 
lower  end  of  the  liquid  receiver  L.  This  oil  can  be  drained  into  the  horizontal  oil  drum  by 
opening^  valve  G.  Leave  this  open  from  20  to  30  minutes,  then  close  it,  and  again  feed  the 
ammonia  into  the  main  suction  pipe,  as  directed  before,  by  opening  valve  D,  slightlv  and 
freezing  through  pipe  E.  The  presence  of  oil  in  the  liquid  receiver  will  be  indicated  by  its 
appearance  in  the  gauge  glass,  when  gauge  cocks  are  opened,  and  upon  such  appearance 
should  be  drained  from  receiver.  To  charge  ammonia,  block  up  the  back  end  of  the  drum 
of  liquid  ammonia  so  that  the  liquid  will  drain  toward  the  front  or  valve  end  of  the  drum. 
The  cock  on  the  drum  must  be  nght  side  up.  Connect  the  chaning  pipe  to  the  drum  and 
to  the  charging  valve  H ,  on  the  liquid  line  next  to  the  receiver.  Close  the  main  liquid  valve 
A, 'and  jmmp  the  suction  pressure  down  until  the  low  pressure  gauge  indicates  zero  (0^). 
Then  open  valve  H,  wide  and  regulate  the  cock  on  the  ammonia  drum  to  operate  at  about  15 
to  20  pounds  suction  pressure.  ICeep  the  machine  running  until  a  vacuum  shows  on  the  low 
pressure  gauge.  The  compressor  discharge  pipe  will  become  hot  by  running  at  speed,  so 
tke  machine  must  be  slowed  down  until  a  vacuum  is  shown,  the  vacuum  giving  assurance 
that  all  of  the  liquid  in  the  drum  has  evaporated.  To  facilitate  removing  the  last  of  the 
liquid  from  the  drum,  warm  the  latter  with  a  blow  torch  or  hot  water.  Keep  the  machine 
running  dowly  until  all  the  frost  has  thawed  from  valve  H.  To  charge  another  drum,  first 
close  valve  H,  then  the  cock  on  the  ammonia  drum.  ^  Break  the  joints  on  the  charging  pipe 
very  carefuUv,  as  some  ammonia  may  remain  in  this  pipe.  Attach  the  new  drum,  open 
valve  H,  and  the  valve  on  the  drum,  and  proceed  as  before.  After  all  drums  have  been 
charged,  valve  H ,  closed,  and  the  last  arum  disconnected,  open  valve  A,  speed  up  the  machine 
and  you  will  again  be  running  on  the  system.  During  the  charging  process  allow  the  water 
to  run  as  freely  over  the  condenser  as  when  running  regularly.  Always  weigh  ammonia 
cylinders  before  and  after  charging,  and  see  that  the  weights  correspond  with  those  on  the 
tags  attached  to  the  drums.  Gattga  0la»»m,  The  upper  and  lower  gauge  cocks — on  both 
oil  trap  O,  and  liquid  receiver  L,  should  always  be  shut  off,  and  should  be  opened  only  when 
the  liquid  or  oil  level  in  either  reservoir  is  to  be  ascertained.  The  receiver  gauge  glass  should 
indicate  at  least  one  foot  of  liguid  in  the  receiver  to  give  assurance  that  the  system  is  working 
with  a  full  charge  of  ammonia.  Scale  trap.  It  is  impossible  to  manufacture  pipe  without 
scale  and  no  amount  of  hammering  or  mechanical  cleaning  will  remove  all  of  it  from  the  in- 
side surfaces.  In  the  course  of  time  this  scale  frees  itself  and  works  its  way  through  the 
pipes  towards  the  compressor.  To  prevent  the  scale  from  passing  into  the  compressor  cylin- 
der, a  scale  trap  T,  is  placed  in  the  main  suction  hne.  which  catches  and  retains  all  scale  or 
dirt  iMifiring  through  the  suction  pipe.  After  the  machine  has  been  in  operation  for  some 
time,  the  scale  trap  should  be  opened  up  and  the  scale  removed.  To  do  this  pump  out  the 
compressor  as  explained  above  and  remove  hand  hole  cover  Ti,  after  which  the  dirt  caught 
in  the  screen  may  be  scraped  out.  After  cleaning  thoroughly,  replace  the  hand  hole  cover 
Ti .    The  scale  trap  should  be  examined  and  cleaned  out  at  least  once  every  season. 
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theyiluialdbenfacedinalatheandreBrDund,  in  order  to  insure  absolutely  tialit  valves. 


moral  of  the  valves, 
lemove  pBcldns  No. 
oil  flleeve  No.^  4  can 


To  Dock  mtidFlng  box, 

__nEr  as  direoled  for  the  re- 

.  _;uHing  boi  nut  No.  1,  slide  it  forward  on  the  rod  and 
«stuffingboitnutNo.3andtalteoutkay  No.  6.  The 
' 'So  stuffing  boi  and  packing  No,  " —^ 


Before  Tepacldne  be  sure  that  all  o(  the  old  padcing  has  b«n 
Wbeq  puttins  the  new  pacldog  in  place,  eea  that  the  lante 

of  the  packing  without  liabiUty  of  covering  the  end  of  the  pipe.     Location  of  the 

shown  will  assure  the  return  of  any  escaping  gas  to  the  main  suction  pipe  through ' 

release  connection  No.  S  and  will  protect  tha  outer  course  of  packing  (mm  any  : 


fhe  stuffing  boiea. 
tightening 


stlhelo 
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rating  Inmlrucllon*.    S.  Comprtaor  tiilim.     Ttmpm 


duchaisa  pipes  fr 


n  the  back  1» 


.  ryoflthe  hmd,      To*iamln«plttonrlnBi, 

toUower.  then  th»  bull  and  pacldna  rings  wil!  b«  easil/  rmnrv 

clean  nc  (donot  use  wule)  tainaurs  that  so  dirt  or  lint  remj 
and  preveaCa  contact.  When  all  replacementa  ura  properly 
Drill  out  the  babbitt  EUing  at  B.  and  D,  applying  the  folio 
and  turning  the  sut  off  the  rod  and  the  follower  end  all  bv 
auil/ removable.  To  iuljuti  plmton  clruraitc*,  remove  a  . 
bead  (front  and  back).    Inaert  a  itrip  of  sheet  lead  through  thi 


. ,  alack  up  the  bolta  on  tha  front  head  ( 

re  the  compreBsor.  remove  the  nuti  from  the  back  haad 
ve  the  roundfollomr  nutand 
Etblfi'  Before  t^tacdng  linga 
;very  part  thoroughly  with  a 


1  GompreoBed  betwean  tl 


■a  end 


of  the  comprcBBor  and  hold  it  eo  that  an  end  of  the  i.    ,  _ 

piaton  and  cylinder  head.     Turn  the  machine  over  by  hand,  ■ 

tain  theoppoflite  clearance.    Uu  nothing  harder  thanle  _     _  .... 

deanmce.  allow  the  least  at  the  front  head,  aa  the  warming  up  of  tha  pliton  rod  » 
■aturally  eipand  it  and  reduce  the  clearance  at  the  back  head.  I^  nplaea  and 
ioek  tht  pUtitn  fotloatF  nut.  Before  replacing  the  follower  nut.  it  ie  important  that 
the  habbitingrooveCU  entirely  removed,  to  allow  for  refilling.  To  replaoa  the  follows 
BDt  A,  KTCW  it  down  lecurcly  with  tha  follower  nut  wrench.  Then  form  some  clay 
ae  ehowa  lo  as  to  cover  the  holei  D,  and  form  a  cup  around  b<Je  B-  Pour  malted 
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FiG.5.o33.  Diagram  illustrating  general  principle  of  the  ammonia  absorption  system.  In  the 
figure  two  vessels,  A  and  G.  of  proper  strength  to  resist  internal  pressures  of  10  to  15  at- 
mospheres (140  to  220  lbs.  per  sq.  in.) ,  are  connected  at  their  tops  by  a  pipe,  E.  The  smaller 
vessel  G.  is  enclosed  within  a  jacket  F,  through  which  and  around  G,  cold  water  is  circulated, 
entering  at  H,  and  leaving  at  I .  The  larger  vessel  A ,  is  partially  filled  with  a  strong  solution 
of  aqua  ammonia  and  heat  is  applied  as  by  a  fire  underneath  the  vessel  A.  As  the  ammonia, 
warms,  ammonia  gas  is  driven  off  and  fills  G,  through  the  pii>e  E,  air  being  allowed  to  escape 
from  the  system  through  a  suitable  opening  in  the  bottom  of  G.  When  ammonia  gas  be- 
gins to  issue  strongly  from  this  opening,  the  escape  is  closed  by  a  cock  D,  provided  for  the 
purpose,  i^nce  the  volume  of  gas  in  solution  in  the  liquor  in  A,  is  many  times  that  of  the 
water  itself,  the  continued  application  of  heat  drives  off  such  quantities  of  the  gas  as  to  create 
a  constantly  increasing  pressure  in  the  system.  Just  as  in  the  case  of  water,  ammonia  has 
for  every  pressure  a  corresponding  temperature  of  boiling  and  of  liquefaction,  at  which  tem- 
perature ammonia  gas  will  liquefy  if  heat  be  abstracted  from  it,  and  ammonia  liquid  will 
gasify  if  heat  be  added  to  it.  If  the  cooling  water  have  a  temperature  of  60*  P.,  and  main- 
tain the  vessel  G,  and  its  contents  at  a  temperature  of,  say,  65**  P.,  it  is  evident  that  when 
the  pressure  of  the  gas  within  G,  i  .^ches  about  103.33  lbs.  per  sq.  in.  by  gauge  (118.03  lbs. 
absolute),  the  further  expulsion  <^  gas  from  the  liquor  in  A,  causes  a  corresponding  lique- 
faction ot  ammonia  in  G,  and  by  continuation  of  the  pro<;es8  an  accumulation  of  liquid 
ammonia  results  in  G,  until  all  the  gas  has  been  driven  off  from  the  water  in  A,  the  pressure 
remaining  constant  during  the  process  and  the  latent  heat  of  liquefaction  being  carried  away 
by  the  cocking  water  flowing  out  at  J.  When  the  distillation  of  ammonia  into  G,  is  com- 
pleted, the  process  may  be  reversed  by  cooling  A.  This  enables  the  water  in  A,  to  absorb 
and  dissolve  the  gas  in  contact  with  it.  creating  an  immediate  flow  of  gas  from  G,  and  causing 
a  reduction  of  pressure  in  the  system.  This  decrease  of  pressure  lowers  the  boiling  tem- 
perature of  the  liquid  ammonia  in  G,  and  consequently  it  at  once  starts  to  gasify.  Now  as. 
In  liquefying,  the  ammonia  yielded  up  its  latent  heat  to  the  cooling  water  in  C,  so,  in  gasify- 
ing, heat  must  be  abstracted  by  the  ammonia  from  its  surroundings.  Hence,  if  the  flow 
through  C,  be  stopped,  the  water  remaining  around  G,  will  be  cooled  and  ultimately  frozen. 
If  then,  a  brine  ^^lose  freezing  temperature  is  low,  be  substituted  for  the  water  in  C,  it  may 
be  piped  away  for  cooling  storage  space  or  may  freeze  cans  of  water  immersed  within  it 
for  ioe  making  purpoees. 


Pigs.  6,531  and  5,532. — Text  continued, 

babbitt  metal  into  hole  B,  from  which  it  will  rwn  around  groove  C,  and  into  holes  D.  Con- 
tinue pouring  until  the  babbitt  has  completelv  filled  the  groove  and  holes,  and  overflows  at 
B.  Remove  the  cla^^  after  the  babbitt  metal  has  set,  and  chip  or  file  off  any  surplus,  so  that 
it  is  flush  with  the  piston 
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ftG.  6,534. — ^Elementary  ammonia  absorption  •ytem;  direct  expansion  cooling.  The 
essential  parts  are:  1,  generator;  2,  condenser;  3,  expansion  coils;  4,  absorber;  5,  pump; 
6,  exchanger.  As  compared  with  the  compression  system  the  absorber  takes  the  plaoe  of  tne 
compressor.  Cyeie  of  operations  1,  the  strong  liquor  vaporizes  in  e^enerator;  2,  ammonia 
gas  produced  in  generator  passes  to  condenser  and  condenses;  3,  liquid  ammonia  from  con- 
denser passes  through  expansion  valve  and  vaporizes  in  the  ezi>ansion  coils  which  produces 
the  cold  or  refrigerating  effect;  4,  ammonia  gas  from  expansion  coils  is  absorbed  by  the  weak 
liquor  in  the  absorber,  producing  strong  liquor:  6,  the  strong  liquor  is  pumped  from  the 
absorber  to  generator  via  the  exchanger,  where  tne  hot  weak  liquor  passing  from  generator 
to  absorber  gived  up  some  of  its  heat  to  the  strong  liquor,  thus  completing  the  cytw. 


■*•• 


I^^OTE.*— If  a  solution  of  NHs  and  water  (ammonia  liquor)  be  placed  in  a  boiler,  termed  a 
**g!skii(ff6XoTt''  and  sufScient  heat  supplied  by  a  steam  cou  be  applied^  both  superheated  Nila 
ffsLs  And  steam  will  be  driven  off  or  generated.  The  total  pressure  existing  in  uie  generator  is 
taade  up  of  the  partial  vapor  pressures  of  NHa  and  HsO.  The  vapors  on  leaving  the  gener- 
il^br  are  first  passed  through  a  cooler  (termed  a  rectifier  or  dehydrator)  which  is  connected 
with  the  coohng  water  supply.  A  temperature  is  maintained  in  the  rectifier  which  is  suf- 
ficiently low  to  condense  out  T>ractically  all  of  the  water  vapor,  approximately  90  per  cent . .  but 
not  the  ammonia.  The  condensed  water  reabsorbs  some  of  the  NHs  gas  and  is  dripped  rack 
itito  the  geherator  as  rich  liquor.  This  leaves  practically  dry  NHa  gas  to  be  passed  to  an  NHt 
condenser  io  be  li(iuefied .  The  liquid  NHa  is  then  expanded  in  evaporatin|(  coils  and  refrigera- 
tion produced  as  in  the  compression  sjrstem.  The  expanded  NHa  gas  leaving  the  evaporating 
C6il3  passes  to  the  "dbsorber  '  where  it  is  reabsorbed  by  the  weak  liquor  drawn  from  the  bottom 
of  the  generator.  The  rich  liquor  produced  by  the  absorption  is  then  pumped  back  to  the 
analyzer  and  generator  to  repeat  the  cycle.  The  analyzer,  loc&ted  on  top  of  the  generator, 
consists  of  a  series  of  trays  over  which  the  rich  liquor  flows  on  its  way  to  the  generator.  The 
function  of  the  analyzer  is  to  reduce  the  superheat  in  the  discharge  gases,  thus  relieving  the 
rectifier  or  dehydrator,  and  condenser  of  a  part  of  the  heat  to  be  removed  in  the  condensation 
of  the  superheated  vapors.  The  analyzer  is  frequently  omitted  in  order  to  lower  the  fiost 
cost  of  apparatus  at  the  exi>ense  of  economy  in  operation.  The  pressure  existing  in  the  gener- 
ator «fnd. rectifier  is  determined  by  the  temperature  maintained  in  the  condenser,  wmch  in 
tttm  is  dependmt  upon  the  amount  and  temperature  of  the  condensing  water  supply  avail- 

'•.. —Harding  andWillard, 
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Ammonia  Absorption  System.— In  this  system  the  com- 
pressor is  replaced  by  a  vessel  called  the  absorber,  where  the 
expanded  vapor  takes  advantage  of  the  property  of  water  or  a 
weak  ammoniacal  liquor  (called  the  "weak  liquor")  to  dissolve 
ammonia  gas.    (At  59 ""  Fahr.  water  absorbs  727  times  its  volume 

of  ammonia  gas.) 

The  principle  of  the  absorption  system  may  be  stated  as  the 
alternate  repulsion  and  absorption  of  ammonia  gas  by  the  alternate 
heating  and  cooling  of  ammonia  water. 

In  the  elementary  absorption  plant  the  essential  parts  are: 

1.  Generator  4.  Absorber.   ,; 

2.  Condenser  5.  Pump   .,- 

3.  Expansion  coils  .6.  Exchanger  or  intercoolei: 
these  being  shown  in  the  diagram,  fig.  6,634. 

The  cooling  agent  (ammonia  water  miked  in  proportions  of 
about  one  and  two  respiectively) ,  is  placed  in  the  generator  y  where 
it  is  heated  by  steam  coils  containing  low  jpres^ure  steam,  usually 
the  exhaust  from  the  circulating  pump,  and  due  to  this  heat, 
ammonia  gas  under  pressure  is  liberated  from  the  water  an4 
passes  on  to  tbe  coiidi&ser  where  it  is  cooled  and  liquefied. 

Theliqtlid  ammonia  then  passes  into  the  expansion  coils, 
where  it  vaporizes  and  absorbs  heat  from  the  surrounding  sub- 
stances thus  providing  the  refrigerating  effect,  and  the  warm 
gas  from  these  flows  into  an  absorber,  a  tank  containing  the 
weak  ammonia  water  (called  the  'Veak  liquor"),  that  is,  that 
which  has  previously  given  up  its  gas  in  the  generator.  In  the 
absorber  are  coils  containing  cold  water,  and  the  ammonia 
vapor  coming  from  the  expansion  coils  is  absorbed  by  this 
weak  liquor,  and  the  heat  giyei|  up  by  the  gas  in  the  absorp- 
tion process  is  carried  oH  iti  the:<:i)oling^  water .  The  strong  liquor 
or  strong  aqua  an!miD|}ia;ir|sti&W^om  the  absorption  of  the 
ammonia  gas  is  pumjp^<|intioit]jig||%e)rator  where  it  is  again  driven 
out  of  solutiQ^^txy^^^heitmg  coils,,, thus  completing  the  cyck 
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1,048  REFRIGERATION 

1.  Analyzer. 

2.  Rectifier. 

3.  Cooler. 

The  operation  of  the  complete  plant  is  shown  in  fig.  5,635. 
Ques.    What  is  the  analyzer  ? 


Pic.  5.537. — York  generator  and  analyzeT.     The  analyser  shell  is  welded  to  the 
body.    The  longitudinal  aeanu  are  also  welded   vrtiich  makes  an  absolutely 
cooatmction.     A  partial  cross  section,  sho^og  detailed  description  and  end  devauoa  oi 
this  generator  and  anslyxer,   is  shown  ifl  fig.  5,53S,    It  is  espeoisJly  constructed  to  be 
used  with  the  York  anunonia  pump. 

Ans.  It  consists  of  an  upright  cylinder  placed  upon  the  gen- 
erator, if  the  latter  be  a  horizontal  one,  or  practically  fomimg  the 
upper  part  of  it  if  it  be  a  vertical  one.  It  is  sometimes  made 
-'■rt  of  a  horizontal  generator.    Arranged  in  the  interior  of  the 
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Smalyzer  is  a  series  of  shelves  and  a  corresponding  number  of 
basins  below  them. 

Ques.     Describe  its  operation. 

Ans.  The  strong  liquor  is  forced  into  the  upper  part  of  the 
analyzer  by  the  ammonia  pump,  and  as  it  falls  on  the  boihng 
liquor  below,  it  passes  over  these  plates  and  basins  and  the  vapor 
passing  upward  increases  in  strength,  while  the  strong  liquor 

s  s  i  n  g  down- 
d  is  constant- 
4sing  in  tem- 
iture.  The 
s  of  the  ana- 
lust  be  large 
to  allow  this 
without  foam- 
nt^erence. 


Pio.  S,S3S. — Polar  gETieiator,  anslyier  and  h«at  exchanger  for  low  pressun  eiliaust  steam, 
Tfaesteamentenat LL.andofte'pasaiiUf throuAh  aad  condenaincf m  thecoilsU,  eoes  out 
at  O  O,  the  coila  are  eontained  in  ftie  ehSl  K.  Siich  formi  the  body  of  the  generator  and  a 
receptacle  for  the  liquor.  The  rich  liquor  from  the  ammonia  pump  entcra  at  E,  and  after 
paiamg  thtough  tho  encbangera  I,  and  the  pine  F,  is  led  to  the  analyzer  J.  by  means  of  the 

Sf^insattactedtoakver.    InthearalyzerthBrichliquorflowaqveraEumbercfpanaT, 

disiiu  into  the  seneialor  through  the  pipa  S.  "the  vapor  from  the  analyia  pauea  to  the 
nctifier  by  oKana  of  the  pipe  R;  the  rectifier  drip  Q,  enters  the  analyser,  as  anown,  and  is 
provided  with  ft  drain  V,  lor  blowing  olf.  The  weak  liquor  leavea  the  mneistor  at  M ,  and 
•Dim  the  eichan^er  coils  H.  at  C;  after  going  through  the  primary  eiohanBer  it  passes  by 
means  of  the  manifold  pipe  O,  through  the  secondary  eichanger  coili  and  beader  pipe  D. 
to  the  weak  liqDor  cooler,  and  finally  mto  tha  absorber  where  it  again  unites  with  tM  aaby- 
dnnisvBlior.     (S«  also  on  opposite  page). 
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The  object  of  the  analyzer  is  simply  to  assist  the  generator  in  separating 
the  ammonia  gas  from  the  water  which  absorbed  it  m  the  absorber. 

Ques.    Describe  the  rectifier. 

Ans.  It  consists  of  a  vessel  having  a  water  cooled  coil. 
The  hot  ammonia  gas,  after  leaving  the  analyzer,  passes  through 
this  coil  where  any  water  vapor  which  may  have  escaped  con- 
densation in  the  analyzer  is  here  condensed.  This  condensate, 
which  is  strong  ammonia  liquor,  is  returned  to  the  generator  by 
way  of  the  analyzer.   The  ammonia  gas,  which  now  should  be 
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Fig.  5,539.— 'Diagram  of  polar  absorption  system  with  shell  and  coil  condensers. 


practically  free  frorn  v/ater  vapor,  passes  from  the  rectifier  to 
the  condenser. 

Ques.    What  is  the  objection  to  a  very  small  percentage 
of  water  vapor  in  the  gas  ? 

Ans.     It  cu^s  down  the  capacity  of  the  plant  considerably. 

Ques.    Describe  the  cooler  and  its  use. 

Ans.    The  cooler  consists  of  a  vessel  provided  with  a  cooling 
f'^.    In  operation  it  does  for  the  weak  liquor  the  reverse  of  what 
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the  heat  exchanger  does  for  the  strong  liquor,  that  is,  it  cools 
the  weak  liquor. 

ABSORPTION  SYSTEM 
PARTS 

Generator. — Thia  apparatus,  also  called  the  Btill  or  retort,  is  a  laitge 
heavy  ^ell  or  cyHnde]:  which  should  be  capable  of  staodisg 
600  pounds  per  square  inch. 


Pre.  6,6«l.— PoUr 

It  may  be  placed  horizontally  or  vertically,  its  distinguishing  fcature 
in  the  interior  being  a  steam  coil  which  heats  the  strong  ammonia  liquor 
that  is  taken  from  the  absorber  by  the  ammonia  pump  end  forced  into  the 
generator  through  the  analyzer.  Horizontal  generators  are  better  than  vct- 
ticai  because  of  the  larger  hberating  surface  which  is  desiiable  because 
tA  the  voy  rapid  boiling  of  the  liquid. 
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The  coils  occupy  about  half  the  height  of  a  vertical  generator,  and  a 
hood  or  inverted  cone  should  be  placed  over  them  so  that  if  the  level  of 
the  Uquor  should  fall  so  as  to  expose  them,  the  rich  liquor  will  not  fall  on 

them. 

The  generator  liquor  reaches  the  analyzer  at  from  150  to  170  degrees  F. 
and  is  heated  to  about  200  degrees  when  it  reaches  the  boiling  liquor  in 
the  bottom  of  the  generator. 

The  generator  has  an  outlet  in  the  lower  part  for  taking  the  weak  liquor 
back  to  the  absorber. 

The  liquor  level  in  the  generator  should  be  maintained  above  the  upper 
coils,  otherwise  a  chemical  change  in  the  ammonia  might  occur,  forming  a 


Pig.  5,641 . — ^Double  pipe  ammonia  condenser.  The  gas  enters  at  the  top  in  the  annular  space 
between  the  outer  and  inner  pipes,  the  liquid  being  drawn  off  at  the  bottom.  The  inner 
pipes  are  for  the  water,  and  thus  the  counter  ctirrent  effect  is  easily  obtained. 


I)ermanent  gas;  moreover,  the  falling  of  ammonia  water  on  the  pipes  may 
cause  pitting. 

In  case  of  trouble  in  the  operation  of  an  absorption  plant  steam  should 
at  once  be  shut  off  from  the  generator.  Generators  should  be  opened  and 
examined  internally  from  time  to  time  to  dean  the  tubes  and  make  any 
necessary  repairs. 

A  "boil  over'*  causes  the  ammonia  charge  in  the  generator  to  be  drawn  out 
of  the  generator  into  other  parts  of  the  system;  it  may  be  caused  by  an 
insufficient  charge  in  the  system,  by  defective  working  of  the  pump,  or 
some  derangement  in  operating  conditions. 
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Analiizer. — This  consista  of  a  vertical  cylindrical  vessel  placed  on  top 
of  the  generator  and  forming  a  part  of  the  latter.  Inside  the  analyzer 
is  a  miUtiplicity  of  metal  trays  over  which  the  cool,  rich  Uquor  from  the 
ezchanger  passes,  comii^  in  contact  with  the  hot  ammonia  vapors  rising 
from  the  iterator,  espeSally  as  it  trickles  from  tray  to  tr^.  The  advan- 
tage of  this  counter  current  arrangement  is  that  it  has  the  effect  of  condens- 
ing and  returning  to  the  generator  a  large  percentage  of  the  entrained  water 


Fro,  5,542.— Double  pipaar 
of  the  coila  forms  ttie  rei 


The  analyzer  should  be  kept  dean,  for  if  the  trays  become  clogged,  their 
capacity  for  handling  the  liquor  is  lowered,  the  analyzer  will  become  flooded, 
and  the  ascending  gas  will  carry  hquor  over  to  the  rectifier. 

Rectifier. — The  object  of  the  rectifier  is  to  take  the  last  trace  of  moisture 
from  the  hot  ammonia  gas  before  it  reaches  the  condenser.  Inside  the 
rectifier  is  a  small  cooling  coil  and  as  the  ammonia  gas  cools  the  small 
amount  of  water  vapor  that  may  be  condensed  drains  back  to  the  analyzer. 

The  efficiency  of  the  machine  depends  very  largely  on  the  proper  working 
of  the  rectifier.  If  it  be  not  kept  at  the  proper  temperature  there  will  be 
trouble.  If  it  be  allowed  to  run  too  hot  the  moisture  held  in  suspension  by 
tie  gas  will  not  be  removed,  and  will  pass  into  the  condenser  and  liquefy 
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with  the  eas.  If  it  be  run  too  cold,  both  the  moisture  and  the  gas  will  be 
condensed  and  returned  to  the  generator,  leaving  no  gas  to  go  to  the  con- 
denser to  stjipply  the  cooler.  If  it  be  allowed  to  become  too  cold  it  may 
cause  a  "boil  over." 

The  proper  working  of  the  rectifier  is  indicated  by  its  temperature  as 
ascertamed  by  the  thermometer;  the  drain  pipe  should  feel  warm  to  the 
liand. 

The  water  supply,  which  can  be  by  passed,  if  necessary,  should  also  have 
a  thermometer  so  that  the  supply  can  be  regulated. 


by  means  of  the  soft  packing  rings  I,  around  each  end  of  the  pipe,  which  axe  comprened  by 
the  return  bend  J,  and  the  bolts  K. 


If  there  be  more  moisture  in  the  ammonia  gas  than  the  rectifier  can 
separate,  this  moisture  must  go  to  the  condenser  and  from  there  to  the 
cooler,  and  moisture  will  not  evaporate  in  the  cooler,  but  takes  up  room 
and  interferes  with  the  evaporatmg  ammonia  gas,  and  must  be  purged 
before  the  machine  will  do  good  wonc. 
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If  the  engineer  suspect  the  rectifier  be  not  working  properly  he  can  test 
the  ammonia  for  water  by  taking  a  12  inch  glass  test  tube,  or,  if  this  cannot 
be  had,  a  1  inch  pipe  about  12  inches  long  capped  at  one  end.  Bend  a  piece 
of  wire  about  a  foot  long  around  one  end  of  the  tube  or  pipe  so  that  it  can 
be  held  away  from  the  hand.  Take  a  piece  of  pipe  about  the  same  size  as 
the  cock  on  the  ammonia  receiver  ana  bend  the  threaded  end  so  that  the 
pipe  will  stand  vertical  when  in  position  on  the  drum.  Slip  the  test  tube 
over  the  pipe  untU  the  end  reaches  almost  to  the  bottom  of  the  tube.  Open 
the  valve  gently  and  draw  a  certain  number  of  inches  of  Hquid  anhydrous 
ammonia  into  the  tube,  withdrawing  it  from  the  bent  pipe  as  it  fills.  After 
noting  carefully  the  amount  of  liquid  in  the  tube,  pour  it  in  a  shallow  vessel 
and  set  the  vessel  in  cold  water  or  on  a  block  of  ice.  Under  these  condi- 
tions, the  ammonia  wUl  evaporate  c^uickly  and  any  residue  remaining  is 
the  amount  of  moisture  and  impurities  originally  in  the  ammonia.  Divide 
the  amount  of  residue  by  the  quantity  of  liquid  drawn  into  the  tube  and 
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Pre  5,544. — Water  connection  to  double  pipe  condenser. 

multiply  the  quotient  by  100,  which  gives  the  percentage.  Before  the 
liquor  is  drawn  into  the  tube,  a  little  gas  should  be  allowed  to  escape  in 
order  to  purge  the  test  pipe. 

Condenser. — ^For  absorption  machines,  the  condenser  may  be  of  either 
the  atmospheric  double  pipe  or  shell  type,  as  preferred.  The  absorption 
system  requires  about  two  and  one-halE  times  more  cooling  water  than 
tne  compressor  S3rstem.  The  cooling  water,  after  doing  its  work  in  or 
over  the  condenser,  according  to  the  type  used,  flows  through  a  coil  in  the 
absorber,  then  through  the  rectifier. 

Absorber, — One  type  of  absorber  consists  of  a  horizontal  cylind^*  con- 
taining coils  of  pipe  through  which  the  cooUng  water,  which  has  previously 
done  duty  in  the  ammoma  condenser,  passes. 

When  the  gas  in  the  generator  has  been  distilled  it  leaves  the  aqua  weak, 
especially  at  the  bottom,  and  this  weak  liquor  is  forced  through  the  ex- 
changer to  the  top  of  the  absorber,  where  it  is  l^rown  over  the  incominf 
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There  are  numerous  methods  of  spraying  the  weak  liquor  at  the  top  of 
the  absorber.  One  is  simply  a  valve  with  three  oblique  holes.  If  one  side 
of  the  absorber  get  warmer  than  the  other,  turn  the  valve  slightly  down, 
say  one-eighth  of  a  turn,  and  by  a  Httle  manipulation  the  all  over  tempera- 
ture of  the  absorber  can  be  maintained  even.  Sometimes  a  little  scale  or 
dirt  win  get  over  a  hole  and  partly  close  the  valve. 

The  flow  of  the  weak  liquor  is  regulated  by  a  valve  near  the  exchanger, 
that  at  the  generator  being  used  only  to  shut  off  the  weak  liquor  altogether. 
Tliere  should  be  only  enough  weak  liquor  thrown  over  to  absorb  the  gas. 
More  than  this  puts  an  extra  load  on  the  ammonia  ptmip,  exchanger  and 
absorber. 


^'C/fa/v/n^l//?e 
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Fig.  5,547.— a  safe  method  of  charging  an  absorption  plant,  but  the  refrigerating  effect  of  the 
drum  of  ammoma  is  lost. 


The  supply  of  weak  liquor  as  it  enters  the  absorber  is  usually  controlled 
by  an  automatic  regulator.  This  apparatus,  when  once  set,  requires 
scarcely  any  attention,  thus  enabling  the  engineer  to  pay  more  attention 
to  other  matters.  On  the  other  hand,  if  the  weak  liquor  entering  the 
absorber  be  regulated  by  hand,  he  cannot  leave  the  engine  room  with  safety 
for  any  length  of  time,  because  the  amount  of  weak  liquor  entering  the 
absorber  varies  with  both  the  generator  and  absorber  pressures. 

The  strong  liquor  passes  out  of  the  absorber  near  the  bottom  to  the  pump 
which  forces  it  through  the  exchanger  to  the  analyzer,  where  it  falls  by 
gravity  into  the  generator. 

The  absorber  must  be  cleaned  frequently,  because  the  cooling  waters 
used  in  the  operation  of  absorbers  usually  contain  carbonates  of  lim 
magnesia,  and  iron,  which  become  insoluble  at  the  temperature  of 
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absorber  because  the  free  carbonic  acid  is  driven  off  from  the  \vater  which 
holds  them  in  solution. 

The  coils  should  be  kept  clean  by  blowing  them  out  occasionally  with 
steam  or  compressed  air,  and  where  hard  water  is  used  this  should  be  done 
at  least  once  a  week.  In  fact,  cleanliness  and  regularity  of  operation  are 
the  main  things  to  look  after  in  an  absorption  plant. 

The  absorber  may  sometimes  show  too  high  pressure  because  of  too  much 
liquid  in  the  S3^stem  or  too  little  cooling  water;  it  may  also  be  due  to  per- 
manent gases  in  the  system. 

A  leak  in  one  of  the  cooling  coils  of  the  absorber  will  at  once  be  noticed 
in  making  a  test  of  the  cooling  water  after  it  has  passed  through  the  coils. 
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Pig.  5.548. — ^A  rather  dangerous  method  of  charging  a  plant,  but  the  refrigerating  effect  of 
the  ammonia  is  preserved. 

Should  a  leak  be  indicated,  steps  should  be  taken  to  locate  the  defective 
coil  at  once,  as  in  the  case  of  a  leaky  coil  in  the  generator. 

The  main  point  of  operation  with  the  absorber  is  regulating  the  liquor 
level  and  it  is  now  a  recognized  fact  that  the  larger  part  of  the  attention 
required  for  doing  this  properly  should  be  given  by  an  automatic  regulating 
valve  for  controlling  the  flow  of  the  liquor.  Air  and  burnt  gases  should  at 
all  times  be  kept  purged  off  the  absorber. 

It  can  be  noticed  at  any  time  whether  the  absorber  is  taking  hold  well 
and  by  the  frost  on  the  gas  pipe.  If  the  frost  continue  white  and  keep 
accumulating,  the  absorber  is  working  uniformly;    if  the  pipe  begin  to 

"w,  either  the  absorber  has  "let  go,"  or  the  cooler  has  become  foul. 
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At  the  bottom  of  the  absorber  is  a  purge  valve.  The  pipe  from  this 
should  have  a  swivel  joint  so  it  may  be  swung  into  or  out  ot  a  bucket.  If 
there  be  air  in  the  system,  it  will  usually  be  found  at  the  bottom  of  the 
absorber  and  should  be  drawn  out  through  this  v^ve.  The  valve  should 
be  opened  ocxasionally  to  test  the  system  for  air. 

A  clean  machine  ought  to  run  from  one  to  two  months  without  trouble  of 
this  kind.  To  test  it,  get  a  bucket  of  cold  water,  and  set  it  under  the  outlet 
to  the  pipe  and  open  the  valve  from  one-eighth  to  one-fourth  turn.  If 
air  bepresent,  bubbles  will  rise  to  the  top  of  the  water,  nearly  noiselessly. 
Should  there  be  few  bubbles,  accompanied  by  a  crackling  sound,  like  water 
being  heated  with  steam,  it  indicates  tiie  presence  of  gas,  showing  that 
that  part  of  the  machine  is  all  right. 


Ammowa 


Fig.  5,549. — Correct  method  of  charging  a  plant  equipped  with  brine  circtilation. 

When  air  bubbles  are  rising,  if  a  match  be  held  over  the  pail  and  a  pale 
yellow  flame  result,  it  shows  that  there  is  some  foul  gas  mixed  with  the  air. 

Half  way  up  the  absorber  there  is  another  purge  pipe  for  drawing  off  foul 
^s.  If  this  valve  be  slightly  opened  and  the  gas  issuing  therefrom  be 
lighted  and  continue  to  bxim  of  itself,  it  shows  fom  gas. 

There  is  difference  of  opinion  as  to  the  amount  of  liquor  to  carry  in  the 
absorber  to  take  up  the  gas  coming  from  the  freezing  tank  coils.  The 
proper  amount  can  be  ascertained  by  toting  the  rich  liquor  passing  through 
the  ammonia  pump  at  different  heights  in  the  absorber,  that  is,  if  the 
rich  liquor  inoicate  26  degrees  at  a  certain  height  and  25  degrees  at  e 
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additional  height  it  is  a  sure  indication  that  the  limit  has  been  reached* 
becaiise  the  weak  liquor  absorbs  all  the  gas  coming  from  the  coils  and  yet 
fails  to  bring  the  rich  liquor  up  to  the  standard. 

This  is  detrimental,  for  it  requires  more  heat  to  extract  the  same  per- 
centage of  gas  from  the  25  degree  aqua  ammonia  than  from  26  degree. 

When  the  absorber  is  cold  the  poor  liquor  within  it  will  have  a  large 
absorbing  power  and  take  gas  from  the  cooler  all  right,  even  if  it  be  gas  of 
mediiun  high  percentage;  if  it  grow  warmer,  it  wQl  have  less  absorbing 
power  and  do  less  work. 

If  the  temperature  cannot  be  improved  because  of  insufficient  water  or 
because  of  the  high  cost  of  the  water,  the  liquor  coming  over  must  be  made 
weaker,  by  turning  more  heat  on  the  generator  and  distilling  more  of  the 
gas  over  into  the  condenser,  which  wUl  carry  a  large  amount  in  storage. 


OftArHfJ^ 


Fig.  5,551. — Correct  method  of  changing  a  direct  expansion  plant. 


It  will  also  be  found  that  the  cooler  will  need  a  little  more  gas  imder  this 
condition.  This  weakens  the  whole  charge  in  the  generator,  reqtiiring 
higher  heat  in  the  coils  and  a  higher  pressure  to  distill  the  necessary  gas 
from  the  weakened  charge,  and  this  is  the  reason  a  higher  pressure  has  to 
be  carried  with  a  warm  absorber. 

With  cooling  water  at  or  below  60  degrees,  a  low  pressure  machine  will 
run  at  atmospheric  pressure;  with  water  at  70  degrees,  the  steam  pressture 
may  have  to  oe  raised  two  or  three  pounds;  and  at  75  degrees  it  may  have 
to  oe  raised  to  10  pounds. 

Some  machines  will  require  higher  pressures,  depending  on  the  heating 
surface  in  the  generator.  With  60  degree  temperatuihe  water  the  pressure 
in  the  generator  may  be  from  90  to  100  pounds  and  at  75  degrees  it  will  b6 
necessary  to  carry  it  to  150  or  160  pounds.  All  these  pressures  are  deter- 
mined by  the  temperature  of  the  absorber  and  whether  coal  or  water  costs 
the  more.  , 

If  water  can  be  obtained  from  driven  or  bored  wells,  an  absorption, 
machine  can  be  run  the  year  through  with  exhaust  steam,  and  it  will  not 
act  as  a  brake  on  the  engine.    Where  there  is  lots  of  brine  pumping  by 
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Gteam  pumps  it  is  pos- 
sible to  nm  a.  macnine 
with  the  exhaust  from 

the  pumps. 

Coaditians  as  re- 
gards water  should  be 
carefully  investigated 
b^ore  deciding  on  the 
site  for  a  plant. 

Dead  liquor  may  be 
expdied  frcnn  the  cocder 

into  the  absorber  by 
shutting  off  the  return 
gas  line  from  the  cooler 
to  the  absorber  and 
opening  a  line  from  the 
bottom  o£  the  cooler  to 
the  absorber.  This 
shuts  down  themachine 
during  the  process  of 
pumpmg  out,  and  the 
temperature  of  the 
twine  goes  up,  often  10 
degrees  or  more,  and 
may  require  two  to 
four  hours.  The  liquor 
is  evaporated  and 
taken  up  in  the  ab- 
sorber by  the  weak 
liquor.  Glutting  down 
a  machine  for  this  pur- 
pose may  really  cause 
a  high  temperature 
brine  for  several  hours. 
To  overcome  this,  the 
pipe  at  the  bottom  of 
the  cooler  may  be  con- 
nected with  the  liquor 
line  from  the  absorber 
to  the  pump  by  a  one- 
inch  pipe  and  a  gate 
valve.  It  is  under- 
stood that  it  would  not 
do  to  attempt  to  open 
this  valve  wide  or  to 
attempt  to  pump  it  out 
unless  there  was  a  good 
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Givint;  two  to  two  and  one-balf  turns  on  thla  gate  valve  woiild  dean  out 
the  cooler  as  quickly  as  the  old  way  and  the  operatioo  of  the  macfaine 
would  not  be  interrupted,  but  the  temperature  of  the  brine  would  go  down 
during  the  process.  The  machines  should  be  run  in  the  usual  manner  during 
this  operation  and  nothing  changed,  except  to  partially  open  the  valve  at 
the  bottom  of  the  cooler,  as  described.  It  saves  a  lot  of  latxir  and  keeps  the 
brine  temperature  down. 

It  would  be  a  good  plan  to  i^ovide  this  pipe  with  a  check  valve  to  prevent 
liquor  from  the  absorber  backing  into  the  cooler. 

o  designed 


Pio.  E,SM.— Carbocdals  alieU  tyne  macluiia. 

HOTS.—ComUn—n  for  nfrianstina  machinca an  of  two  bind:  I.nibnuTged:  9.0IH1 

airevacoratiTe.  ThA  ■uboutrged  condciuvr  rdui^fl  a  lar^  volumfl  of  coolin?  water  for  maxi- 
mum  matncy.  According  to  Siebel  tha  amount  of  condeniing  auiface.  thg  water  cnterios 
at  70*  and  leaviog  at  80*.  u  forty  ■□.  ft.  tor  esch  ton  o(  retrigoratina  capacity,  or  M  liDad 
feet  <rf  two  inch  pipa.  Frequently  only  twenty  sq.  ft,  or  ninety  ft..  ofltiiDch  pipe,  iauned. 
but  thii  necessitatea  higher  condemer  prsiBuiM.  If  P-sq.  ft.  of  cooling  suiface.  h  -heat 
of  evaporation  of  1  lb,  of  ammonia,  at  tbe  oondenier  tempeiBture.  K  -Ibe.  of  unmonia  cii^ 
ciliated  per  minute,  m  -B.i.k,  tranrferrol  per  minute  per  sq.  (t.  of  conden«er  surface.  1  -lem- 
peraturgof  the  ammonia  in  the  coila  and  1,.  the  temperature  of  the  water  outside.  P-ftK+iH 
,.  .,  i> „  ._j  ,  ,„ ^_  ._.„,,  _j_  Pnctically  tha  amount  of  water  le- 
er ton  of  refrigeration.     When  cooling  water 

it  1  inch  pipe  pM  ton  of  refrigeistioo.     Open 

are  luually  made  of  a  atack  of  parallel  tubea  with  rehim 

witij.r  An  that  it  will  flow  uniformly  over  tha  pipe  surface. 

coolen  143  ft.  of  1  inch  pipe.  orM  ft.  of  IJi 
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It  is  well  to  have  a  small  connection  from  the  poor  liquor  pipe  to  the  suc- 
tion pipe  somewhere  near  the  absorber,  so  that  in  case  the  pump  get  gas 
bound  it  can  be  remedied  by  simply  opening  the  valve  for  a  few  seconds  to 
chaise  the  pump,  thus  saving  the  possible  necessity  of  stopping  the  pump, 
removing  the  valve  caps  ana  charging  the  pump  m  that  way. 

Exchanger.— Tias  apparatus  may  be  of  the  shell  and  cdH  or  double 
jMpe  type.  It  transfers  the  heat  from  the  weak  liquor  of  the  generator  to 
the  rich  liquor  coming  from  the  absorber.    The  temperature  of  the  weak 


'BJ,  6,656.— Cerbondalt  atmospheric  type  machine. 

liquor  may  be  280"  and  the  strong  Uquor  80°  before  passing  through  the 
exchanger. 

A  leak  in  the  exchanger  coils  is  one  of  the  defects  that  the  engineer  locates 
while  making  his  regular  round  of  inspection  and  test.  Ordinaxily  the  rich 
hquor  should  show  28  degrees,  while  the  poor  liquor  is  16  degrees.  TTiis 
shows  excellent  working  and  in  some  cases  the  plant  may  not  show  these 
results. 

When  the  engineer  finds  that  the  streoeth  of  the  rich  liquor  is  24  degrees, 
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leak  be  not  mended  the  exchange  will  go  on  until  the  density  of  the  two 
liquors  in  the  system  is  equalized. 

DISTILLATION 

Ques.  What  becomes  of  the  exhaust  steam  from  the 
compressor  of  a  compression  plant  or  the  generator  of  an 
absorption  plant  ? 

Ans.     It  IS  distilled  and  used  for  ice  making. 

Ques.    How  should  the  distilling  system  be  arrai^ed  ? 


Pig.  5,559.— ^Skimming  tank  with  funnel  surface  blower  for  removing ;oil  or  other  light  scun 
from  the  distilled  water. 


Ans.     So  that  the  entire  system  can  be  purged  by  steam. 

Ques.    Where  is  the  exhaust  steam  taken  first  ? 

Ans.  It  is  carried  through  the  feed  water  heater  where  it 
gives  up  a  portion  of  its  heat  to  the  water  before  it  reaches  the 
boiler,  thus  reducing  to  some  extent  the  amoimt  of  coal  necessary 
to  make  steam. 
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Ques.    What  is  the  next  step? 

Ans.  The  steam  is  now  in  a  saturated  condition,  and  it 
passes  through  an  oil  separator  where  it  strikes  against  baffle 
plates,  the  impact  having  a  tendency  to  separate  the  oil  from  the 
steam,  it  dropping  to  the  bottom  of  the  separator  where  it  may- 
be drawn  off. 

Ques.  Describe  in  detail  a  diagram  of  a  water  distilling 
system. 
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BLOW  OFF 

Pig.  5,560. — ^Rjeboiler  for  reboiling  condensed  water  for  ice  making  punx>ses,  the  process 
frees  the  water  from  air  and  foreign  gases,  oil  or  grease,  etc.  In  operation,  the  heat  from 
the  coil  causes  the  water  to  boil,  thus  forcing  the  grease  or  other  impurities  toward  the 
surface,  where  an  overflow  i>ipe  carries  them  into  a  trap,  while  the  air  and  gases  are  taken 
off  in  a  special  flue.  Reboilers  of  this  shape  are  made  of  heavy; galvanized  iron  and  properly 
leinforced  at  top  and  bottom.  ^  A  closed  coil  should  be  used  in  preference  to  a  perforated 
coil.  A  perforated  coil  often  gives  to  the  water  in  the  tank  the  appearance  of  boiling  when 
the  temperature  is  still  below  212  decrees.  Keep  the  reboiling  tank  up  to  212  degrees, 
and  run  the  waste  steam  from  the  reboiling  coil  into  the  steam  condenser. 

Ans.     The  exhaust  steam,  as  shown  in  fig.  5,561,  enters  the 
surface  condenser,  A,  and  when  condensed,  the  water  flows  fror 
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the  condenser  to  the  pump,  B,  which  is  placed  below  the  con- 
denser, thus  the  water  can  be  pumped  fairly  hot  into  the  reboiler, 
C,  which  is  set  on  the  roof  of  the  building. 

The  reboiler  is  made  of  galvanized  iroD  with  a  cover  on  it;  two  open  ven- 
tilators are  on  top  oC  the  reboiler  to  allow  the  foul  gases  t  j  escape.  A  live 
steam  coil  is  placed  near  the  bottom  and  the  water  as  it  enters  comes  in 
contact  with  it,  which  causes  the  water  to  boil  and  carry  the  impurities 
toward  the  suiiace;  the  air  and  gases  are  carried  out  through  the  ventila- 
tor.   Attached  to  the  reboiler  is  a  compartment,  E,  for  skunming  the  oil 


_-  — . je  piiniiied  hiitly  hot  into  the  leboilir,  C,  which  i> 

roof  of  the  buiUuiji. 

that  rises  to  the  Eurface  of  the  water.  The  reboiler  is  skimmed  automatic- 
ally by  an  oMtime  device,  every  twenty  minutes  or  half  hour,  accord- 
ing to  the  amount  of  water  distilled.  The  device  used  to  regulate  the 
slamming  of  the  reboiler  works  as  follows;  the  plunger  and  cyljider,  P, 
which  operate  the  lever  valve,  G,  are  placed  far  enough  below  the  reboiler 
'o  get  a  head  of  water  sufSdent  to  raise  the  plunger  in  the  cylinder.    As 
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tbe  plunger  rises,  due  to 
ths  pressure  under  it,  the 
lever  v^ve  opens  and  allows 
the  distilled  water  to  flow 
out  of  the  re-boiler.  The 
length  of  time  that  the  lever 
valve  is  open  can  be  regu- 
lated by  placing  a  cap  D, 
on  the  outlet  pipe  to  the 
tank  H,  which  is  used  to 
catch  the  water  and  oil  that 
is  skimmed    from  the    re- 


Management  of  Refriger- 
ating Machines. — Before  start- 
ing refrigerating  machinery, 
whether  newly  installed  or  after 
any  considerable  period  of  dis- 
use, all  piping  and  joints  should 
be  tested  for  leaks.  This  may 
be  done,  no  matter  what  the 
system  be,  using  the  compression 
pump  to  compress  air  into  the 
piping  up  to  whatever  pressure 
may  be  considered  suitable. 


The  seriousness  of  the  leakage 
may  then  be  estimated  by  the 
rapidity  with  which  the  pressure  is 
lost  after  allowing  the  pump  to  stop. 
The  larger  leaks  may  be  determined 
by  the  noise  made  by  the  escaping 
air.  For  the  smaller  ones  the  joints 
are  sometimes  covered  with  soap 
suds  so  that  the  escaping  air  may 
show  itself  by  blowing  a  cluster  of 
bubbles.  After  the  points  which 
may  show  leaks  have  received  proper 


Mc.  5,563.— Oil  Mparator  as  usi 
the  oil  which  may  accumulala 
be  drawn  ofl  periodically  thio 
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Pigs.  5,565  and  5,566. — Solid  return  screw  joint  bendiwith  recessed  ends,  showing  method  of 
using  latter  as  stuffing  bcaes  to  insure  tight  joints. 


Pig.  5,564. — Text  continued. 

expansion  pij^ng.  A  drum  of  liouid  ammonia  connected  to  the  system  to  charge  the  plant 
with  ammonia  is  represented  at  B.  At  P,  is  a  drum  connected  to  the  system  to  receive  the 
ammonia  when  it  is  desired  to  empty  the  ssrstem.  Valves  to  drums  £  and  P.  and  puige 
valves  on  the  trap  and  compressor  are  closed.  Starting  with  valve  I,  all  the  valves  on  the 
main  line,  to  and  from  the  condens^ra,  will  be  open;  those  on  the  receiver  and  brine  tank  will 
aho  be  opened » so  that  there  will  be  a  clear  passage  from  the  discharge  valve  I ,  right  around 
to  the  suction  valve  O.  The  bv  pass  valves  will  be  shut.  Then  shut  the  suction  valve  O,  and- 
remove  the  side  bonnet  G.  This  allows  air  to  be  drawn  into  the  cylinder  when  the  piston  is 
moving.  Then  start  the  machine  and  run  it  until  the  low  pr«»ure  gauge  H,  shows  the  pres- 
.  sure  at  which  it  is  desired  to  make  the  low  side  tijht.  This  is  usually  about  1  \Q  pounds  to 
the  square  inch.  This  prassure  is  also  hi^h  enough  to  find  most  of  the  leaks  on  the  high  side . 
After  everything  has  been  pronounced  right  the  compressed  air  is  allowed  to  escape  through 
the  purge  valves  on  the  trap  and  receiver,  so  that  any  loose  scale  and  dirt  will  be  kept  away 
from  the  compressor.  The  system  is  now  full  of  air  at  atmospheric  pressure  and  this  air  must 
be  removed  before  the  ammonia  is  put  in.  To  do  this, the  Purge  valves  that  let  the  air  out 
are  closed .  The  expansion  val  ves  at  M ,  are  opened  again .  The  compressor  is  now  started  and 
the  air  that  the  compressor  exhausts  from  the  system  is  discharged  through  the  open  purge 
valve  L.  To  prepare  the  ssrstem  for  charging  all  the  purge  valves  are  closed ,  also  the  by  pass 
valves  and  the  expansion  valves  M.  If  it  be  impossible  to  get  the  charging  connection  into 
the  line  as  shown  it  can  be  put  anywhere  on  the  liquid  line  between  valves  M  and  N.  When 
charging  the  ammonia  the  valve  N,  can  be  closed.  Either  one,  of  these  valves  must  be  closed 
to  hold, back  the  liquid.  All  the  other  stop  valves  on  this  line  must  be  open..  A  drum  of 
ammonia  is  now  connected  to  the  system  as  shown  at  B.  If  there  be  a  gauge  friass  on  the 
liquid  receiver  it  is  quite  easy  to  tell  when  there  is  enough  ammonia  in  the  system.  It  is 
only  necessary  to  choke  off  the  water  on  the  ammonia  condensers  until  the  head  pressure  runs 
up  to  what  it  will  be  under  full  load,  then  the  expansion  valve  M ,  is  opened  until  the  desired 
back  pressure  ia  obtained.  The  head  or  condensing  pressure  will  be  about  15  pounds  more 
than  the  pressure  due  to  the  temperature  of  the  oonaensing  water  as  it  leaves  the  ammonia 
condensers.  The  back  pressure  will  be  the  pressure  due  to  10  degrees  P.  colder  than  the 
coldest  brine  or  room.  When  the  machine  is  running  with  these  pressures  there  should  be 
about  six  inches  of  liquid  over  the  end  of  the  outlet  pipe  shown  by  the  dotted  lines  at  C . 
To  dUehmrpe,  an  empty  drum  is  connected  as  at  P.  The  empty  drum  is  weighed  and  not 
more  than  100  pounds  of  ammonia  should  be  allowed^  to  run  into,  the  drum ,  so  as  to  leave  room 
for  expansion  of  the  ammonia  by  heat.  If  the  liquid  receiver  is  in  a  warm  room  the  empty 
drum  should  be  covered  with  wet  bags  and  ice  laid  on  top  of  the  bags. ,  This  will  condense 
any  vapor  that  may  be  formed  in  the  piping  or  drum .  Even  with  ice  on  the  drum  it  is 
sometimes  necessary  to  loosen  up  on  the  union  between  the  receiver  and  drum  to  let  out  ar- 
dead  vapor. 
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m,  the  system  should,  for  a  considerable  tinje,  hold  the  pressure 
fliithoiit  sensible  loss.  In  this  connection,  however,  it  must  be  remembered 
that  the  air  as  it  leaves  the  compressor  will  be  heated  by  the  work  of 
compression,  and  as  it  loses  this  excess  heat  in  the  coils  there  will  be  a. 


off  and  allowed  to 

I  the  botllo  Bnd  tha 

ipoiHted  tbrouah  a  small 


>c.  S,S89.— DiSerent 
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corresponding  loss  of  pressure.  After  equality  of  temperature  with  the 
outside  air  has  been  reached,  however,  the  further  loss  of  pressure  should  not 
be  appreciable. 

Ques.  What  examination  should  be  made  of  air  and 
of  ammonia  machines  before  operation? 

Ans.  With  the  air  machine  no  ftirther  preliminaries  are  needed 
beyond  the  examination  necessary  to  insure  the  proper  mechan- 
ical condition  of  the  compressor  and.  steam  cylinders.  With  the 
ammonia  machine,  however,  it  is  necessary  next  to  exhaust  the 
air  from  the  entire  system  by  working  the  pumps  and  dischargflolgj 
through  valves  provided  for  this  purpose.  '        : 

When  the  gauges  show 
the  highest  >r  a  c  u  u  m 
which    can  be   main-r 

;;^tained,^the   valv)w  are 

%ds^  and  the  sy$tem  is? 

ready  for  charging.   Th| 

,  ainmonia  is  ustvajly  pr<>- 
vidediaste«l^  flasks,  con- 
taining a  known  weight 
of  the  liquid. 
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Pig.  5,570. — ^Ejector  for  cleaning  out  condenser  pipes. 


Sulphurous     Acid 
System. — ^This  system 


has  been  largely  developed,  by, RaoulPictet..,  It  has  the  ad- 
vantage of  reqmring  only  comparatively  low  pressures,  and 
sulphurous  acid  is  a  good  lubricating  medium.  This  fact 
siinplifies  mechanical  details  of  the  machine  and  it  is  in  use  to 
some  extent  on  the  continent  of  Europe  for  small  plants  where 
the  service  of  a  skilled  engineer  is  not  practicable. 

The  main  objection  to  the  use  of  this  refrigerating  agent  is 
the  great  tendency  of  sulphurous  acid  to  take  up  moisture  and 
change  to  sulphuric  acid,  consequently  great  precautions  must 
be  taken  to  avoid  leaky  joints. 

The  Pictet  compressor  differs  only  slightly  from  the  ammonia  compressor, 
and  the  system  ap{)ears  more  simple  than  the  ammonia  compressor  system, 
because  of  the  omission  of  oil  separators  and  rectification  apparatus. 


REFRIGERATION 


e  machine  with  brine  tmumission  cy»- 

_„».  . J , . —^-^^^  .„Eoror  "dumb-bell'^  which  consists  of  two 

hQllovr  bronze  beLLson  AhoUowflhait,  Thia  shaft  revolvea  in  two  ordinary  babbitt  beoringi 
and  as  it  revnlves  one^of  the  IkIU  grows , hot  and  Che  other  cold.     The  cold  beU  revolv^in 

aSS  i«°"  ^™br^o  tank^B  S'filiS°JiS^S^  o^gaTra^ied  iwel  ean"s?«nd  thH^s- 
ing  cold  end  M  chills  the  brine  uid  also  causes  It  to  circulate  thimiah  the  rows  of  ice  cans 
ElowlyfTHaiogthefreshwaUrinsidethacaiis.   The  rotor,  M  M  is  dnven  by  any  convenient 

fomarilyciicuhLted  from  the  bnnecal^netB,  by  a  smallpump.  throushtbepipec^lsin  the 
refrigerator  and  returned  to  the  brine  cabinet-  Except  for  the  necessary  inpinff  the  Teens' 
erating  tinit  differs  in  no  way  from  the  ice  m^cer  illustrated.  The  biina  pump  may  be 
c^  any  suitable  type  and  the  belt  driven  either  from  the  main  ihaft  of  the  machine  or  by  a 

NOTE. — AudlWrtn  oprrmtlng  hinitt  Sufficient  oooling  water  must  always  be  flowing 
tbroush  the  condenser  tank  L,  when  the  machine  i-  nmnino.  In  rjum  th.  wotm-  .urmlir  i>  ™t 
off.  the  condenser  will  overheat,  but  no  dangert 


ichine.   Low  conde 

"=«Arr" 

tures  resu  It  in  greater 

further  B^leration  of  pressure. 
tbeLowestpossiblepomt.ands 

heat  absorption  by  theevapor ,-. .-._„ 

be  ab'Oibod  at  high  brine  temperatures  than  at  low-  /n  Fnaklng  tern,  it  is  advantageous  to 
harvest  ice  from  a  few  cans  several  times  a  day.  refilling  the  cans  and  replacing  them  in  the 
brine.  This  prevents  fluctuations  of  brine  temperature  and  maintains  a  general  high  level. 
The  brine  should  be  krot  strong,  between  70°  and  SO"  ealanometer.    Weai  brine  wiU  tieete 


Then  make  up  to  the  narmal  level — just  below  the  bottom  of  the  can  rack.      Scale  forming 
nn  either  bell  must  bs  periodically  removed  to  prevent  loss  of  elEciency.     External  babbitt 

"^tanlc  wheels. 
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Ethyl    Chloride    System.— The    chemical    ethyl    chloride 
(CiHsCl)  has  desirable  features  for  refrigerating  work. 

365*  F.,  pennanent  gases 

Havine  no  chemical  affinity  with  either  air  or  water ,  no  chemical  change 
could  tate  place  should  by  accident  dther  air  or  water  be  introduced 
into  the  ir--'--- 


ftos,  B,GT3  to  5,675. — Clothe!  ethyl  cfalnride  lefrisennt  and  luhricant  contiiner  and  fiUiBg 

1 Ti..  ..1...1  .1.1— :jb  i,  put  up  in  Kamlen  ^rewn  Bt«!  dmmB  m  ihown.     The  dnuo 

300  lbs..  hydrosUtic  pn«un.  A  drop  forged  Bteet  wrench  ii  pn>- 
»alve.  The  WMght  of  the  contniner  and  50  Iba.  of  ethyl  chloiid* 
Dt  19  Ghemically'pure  Biyceiine.  it  being  important  Chat  only  the 
It  ehonld  be  uied  with  ttie  ■vstem.     It  a  fumiahed  bv  the  Clothel 


and  valve  are  teiCed  to  300  lbs.,  hydrostatic  pneaun.    A  drop  forged  et — ,— 

vided  [or  opcratins  the  valve.  The  WMght  of  the  container  and  50  Iba.  of  ethyl  chloiid* 
is  8B  Ibe.  The  lubricant  ia  chemically  pure  glycerine,  it  beinp  important  Chat  only  the 
chemically  pun  lubikant  ehonld  be  uied  with  the  ivsteni.  It  a  fumiahed  by  the  C  •'—' 
Co.  under  the  trade  name  of  "Clotlwline."  Tlw  cut  also  shows  a  can  of  th>  lubrica: 
fining  hou  for  charging  and  dntning  the  sy  ' 


It  is  neither  deleterious  nor  obnoxious,  and,  should 
the  engmeer  can  work  in  its  vapors  without 

The  boiling  point  being  high,  vi«.:  64.5°  F.,  at  atmos^gfie-pressure, 
it  liquefies  at  low  pressure.  In  ordinary  use  with  the  cond^er  water  at 
■'^  P.  the  gauge  pressure  will  be  about  15  lbs.  per  sq.  in. 
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The  comparative  table  of  pressures  for  various  refrigerants, 
diow  the  very  moderate  pressures  of  ethyl  chloride  which  indi- 
cates an  easy  working  cycle;  with  comparatively  little  loss  of 
chemical  from  leakage  around  the  stuffing  box  of  the  compressor. 

Absolute  Pressure  Exerted  by  Various  Refrigerants 

at  Different  Temperatures 


1 

Temp.  Deg.  t 

Anhy. 

Ethyl 

Carbon 

Sulphur 

Fahr.       [ 

Ammonia. 

Chloride. 

Dioxide. 

Dioxide. 

0 

30.8 

4.1 

314  5 

10.3 

5 

34.2 

4.7 

335  0 

n  9 

10 

38.3 

5.4 

362  8 

13  4 

15 

42  9 

6.1 

391  7 

15  3 

ao 

48.0 

69 

422  5 

17.1 

25 

53  4 

7.8 

455.7 

19.4 
21.6 

30 

59.4 

8  7 

490  0 

35 

659 

9  7 

526.2 

24  3 

40 

73.0 

10  8 

565  2 

27  0 

45 

80.7 

12  0 

607.2 

30  1 

SO 

89  0 

13  3 

6500 

33  4 

55 

97.9 

14  8 

696  7 

37  0 

60 

107.6 

16.3 

745.0 

41  0 

65 

118  1 

18  0 

795  5 

45  2 

70 

129.2 

19.9          ' 

849  3 

49.7 

75 

141  2 

22.0 

906.5 

54  6 

80 

154  1 

24.2 

967.0 

59.9 

The  tables  which  follow  giving  the  working  pressures  of  ethyl 
chloride  and  vacuum  and  corresponding  brine  temperatures, 
have  been  made  up  (by  the  Clothel  Co.)  from  averages  taken 
from  several  installations  ui^der  actual  working  conditions,  and 
will  vary  slightly  with  different  conditions;  however,  they  give 
the  approximate  relations  which  should  exist  between  the 
temperature  of  the  condensing  water  and  the  pressure,  and 
between  the  temperature  of  brine  and  the  vacuum. 
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Gauge 

pressure 

lbs. 


Working  Pressure  of  Ethyl  Chloride 


Approximate  temperature 

ot  outgoing  condensing 

water 


10 60* 

16 rr 

20 81* 

25 91* 

30 96* 

35 106* 


Vacuum  and  Corresponding  Brine  Temperatures 


Approximate 
Inches  temperature 

vacuum  of  outgoing 

hrine 

22 4* 

21 8* 

20 12* 

19 16* 

18 19* 

17 23' 

16 26* 

15 29* 


Inches 
vacuum 

14 

Approximate 

temperature 

of  outgoing 

brine 

31® 

13 

34* 

12 

36' 

11 

39' 

10 

41* 

9 

43* 

8 

46* 

7 

48* 

In  the  ethyl  chloride  system  there  is  no  direct  relation  between  the 
temperature  of  the  brine  and  pressure  on  the  condenser,  or  between  the 
vacuum  on  the  machine  and  the  pressure  on  the  condenser.  The  pressure 
on  the  condenser  varies  in  accordance  with  the  temperattu'e  of  the  con- 
densing water  and  the  amount  of  the  water  used  as  in  the  table  just  given. 
The  vacuum  depends  on  the  amount  of  work  which  the  machine  is  doing, 
and  this  also  regulates  the  ten^peratttre  of  the  brine. 

From  the  tabulation  it  wiU  be  noted  that  ethyl  chloride  is  admirably 
adapted  to  refrigerating  work  in  the  tropics  or  in  localities  where  the 
water  available  for  condensing  piuposes  has  a  high  temperature  or  the  sup- 
ply is  limited.  At  a  temperature  of  70*  P.  sulphur  dioxide  has  a  pressure 
of  49.7  pounds  absolute,  Anhydrous  Ammonia  129.2  pounds  absolute, 
carbon  dioxide  849.3  pounds  absolute  and  ethyl  chloride  only  19.9  pounds 
absolute  which  is  a  low  pressure  and  safe  to  handle. 

Fthyl  chloride  has  been. passed  upon  by  the  National  Board  of  Fire 
Underwriters  and  by  the  United  States  Government  for  use  on  naval  ship« 
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CO2  System. — ^The  chemical  carbon  dioxide,  variously  called 
carbonic-anhydride,  carbonic  acid  gas  or  simply  CO2,  and  used 
as  the  refrigerant  in  this  system,  is  made  up  of  molecules  con- 
taining one  atom  of  carbon  and  two  atoms  of  oxygen  and  has 
the  chemical  symbol  CO2.  It  is  heavier  than  air,  its  specific 
gravity  being  1.529,  that  of  air  being  1.  Under  atmospheric 
pressure  it  liquefies  at  a  temperature  of  124°  below  zero  Fahren- 
heit. 


towPreuara 
Gauge: 


High  Prsttun 
Gauge. 


Pio.  5,577. — Carbonic  acid  system  with  brine  cifculation.    It  coruistt  ettentiallv  of  an 

evaporator,  compressor  and  condenser.  In  operationp  the  heat  reqtiired  for  evaix>ration 
is  furnished  by  brine  which  surrounds  the  pipes,  or  by  air.  The  gas,  as  it  leaves  the  com- 
pressor passes  into  a  separator  where  the  glycerine  impinges  against  the  sides  of  the  vessel 
and  adheres  to  it  as  it  has  no  affinity  for  carbonic  acid;  the  glycerine  then  falls  to  the  bottom 
of  the  separator  and  is  drawn  ofiE  from  time  to  time,  while  the  gas  i>asses  on  into  the  con- 
denser. ' 


The  boiling  point  of  water  being  far  above  the  atmospheric 
temperature,  heat  must  be  applied  to  bring  it  to  the  boiling 
temperature.  The  boiling  point  of  liquid  carbonic  anhydride 
being  much  lower  than  the  temperature  of  the  atmosphere, 
it  absorbs  from  its  surroundings  the  necessary  heat  to  cause  it 
•*""  boil  or  evaporate. 
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Commercial  carbonic  anhydride  is  manufactured  from  coke, 
magnesite,  etc.  Formerly  large  quantities  of  commercial  gas 
were  obtained  from  the  fermenting  tubs  in  breweries.  After 
being  liquefied  under  high  pressure  the  gas  is  charged  into  steel 
drums  of  either  20  lbs.  or  50  lbs.  capacity  and  it  is  then  ready 


Fio.  G,G78.— EitieKlull  Tertical  doubl«- 

anSyarido  {CO,)compr«sor.    lamn- 

BoUd  block,  tho  bore,  valvo  chomben 
and  valve  porta  beina  machiaed  in  tbo 
blodi.  Aa  the  entiro  cylinder  ia  mads 
in  one  piece,  and  all  valvea  an  placed 
directly  in  the  cyliader,  there  are  no 
joints  in  the  bore  over  which  the  pitton 
must  travel.  The  dischargBiininre 
in  the  cylinder  varies  from  GO  to  80 
atmospheres  depending  Tipoa  the 
requirements.    A  safety  valve  is  placed 

the  discharge  valvea  and  tha  diseliareB 


agamat  carelessness  of  tho  operator 
were  he  to  start  tho  compressor  in 
operation  without  first  opening  the  dis- 
charge stop  valve.  As  the  opening  o( 
tho  safety  valve  b  accompanied  by  ■ 
loud  report ,  it  will  direct  the  attention 
of  the  operator  to  the  compressor. 
When  the  excess  pressure  has  be»i 
relieved  and  the  pressure  in  the  cylinder 
again  becomes  normal,  tho  safety  valve 
closea  automatically.  The  safety  valve 
is  designed  to  blow  off  at  &  Treasure 
considerably  below  that  to  which  the 
compressor    and    other    refrigemting 


to  be  placed  on  the  market.     Carbonic  gas  is  extensively  used 
for  carbonating  beverages. 

Carbonic  anhydride  is  neutral  toward  food  products  and  all 
other  materials.     It  is  odorless,  non-explosive,  non-inflammab' 
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and  cannot  become  a  source  of  danger  to  life  or  property. 
Unlike  other  refrigerants  it  does  not  become  a  menace  in  time 
of  fire,  instead  it  is  a  fire  extinguisher. 

Carbonic  anhydride  is  supplied  in  steel  cylinders  and  can  be 
procured  almost  anywhere  at  a  cost  of  a  few  cents  per  lb. 


Fio.  B.5S1 .— Bruoiwick  application  of  mechanical  ratrigerBlion  to  modern  dairy  work.    In 
this  plant  the  compnuor  is  connected  to  B  combined  ice  making  and  biine  coohUC  tank  and 


Ether  System. — This  method  of  refrigeration  has  never  come 
into  extensive  use  owing  to  the  relatively  large  compressor  neces- 
sary, but  more  especially  to  the  inflammability  of  ether  and  the 
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great  liability  to  explosion.  The  great  advantage  of  ether  is  that 
it  requires  only  a  low  pressure  in  the  condenser,  which  is  of  no 
little  importance  in  warm  climates,  and  which  has  led  to  its  use 
by  the  British  military  authorities  in  several  campaigns  in  Africa. 
The  low  pressure  is  also  favorable  for  the  maintenance  of  tight 
joints,  and  the  simplicity  of  the  working  parts.  Another  impor- 
tant fact  in  connection  with  military  operations  is  that  as  ether 


Gland 


Cond«tiS<r 
casing 


nving 

pulley 
_  Crank 
Shdft 


:rn:uldtine 
pump 

fris^^tJTig  machinB.  The  comaraaor  14  dir«ctJ/ 
lich  19  of  the  submerned  type.  The  cooler  cooiusts 
ell  insulated  from  Eame.uul containiogthflevapo 
13  with  the  cva^rutor  coil  through  the  exponsuni 
I,  and  each  coil  is  provided  with  a  pRBSun  fiaue. 
If,  and  Bt  the  left,  the  high  pressure  gauce.  'His 
aeuu  of  a  small  biine  pump  attached  to  the  cnnk 
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FIG.5.5S3.  DlainatiuBatic  plan  view  of  Alten  denM  air  machine.  The  following  ai 
portant  parti;  A.  The  augm  cylinder  vhkh  fumlshea  Ihc  powtr  to  lU  crank  ihaft 
Ihir  BIT  compifoor  and  the  emander  are  linked.  The  leltera  refer  to  the  oppoaitt 
B.  The  air  com[»«aor  cylinder  which  corapressea  the  air  to  about  thiH  times  thr 

make  lubrication  pracllcabje.     The  compreBsion  cylinder  is  conatructed  with  elii 
instead  of  the  ububI  conical  lift  valves,  In  order  t 
S  copper  coU  in  a  bath  of  water;  the  compresKd 
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is  in  a  liquid  state  under  ordinary  conditions  of  temperature  and 
pressure,  it  can  be  drawn  out  of  the  plant  at  any  time  and  stored 
in  drums,  thus  making  this  type  of  machine  easily  and  quickly 
portable. 

The  compressor  required  is  very  much  larger  than  in  an  ammonia  machine 
of  like  capacity,  and  its  generally  massive  construction,  and  lar|^er  consiunp- 
tion  of  coal  and  water,  added  to  the  great  fire  risk,  have  seriously  kancu- 
capped  the  ether  machine  for  ordinary  commercial  use. 


Pig.  5,583. — Texi  continued, 

temperature  of  the  water.  The  return  air  cooler  which  still  further  reduces  the  temj^era- 
ture  of  the  air.  D,  The  expansion  cylinder,  to  which  the  cooled  compressed  air  is  admitted 
until  it  fills  one-third  of  the  volume  of  the  cylinder.  The  air  supply  is  then  cut  off,  and  as 
the  piston  makes  its  full  stroke  to  the  end  of  the  cylinder  the  air  expands  until  the  tension 
is  about  normal,  and  the  expansion  cools  the  air  about  as  much  as  the  comi>ression  heated  it. 
It  is  constructed  like  a  usual  steam  engine  cylinder,  with  slide  valve  and  cut  off  valve.  It 
must  cut  off  the  pressure  at  such  a  point  that  the  expanded  air  at  the  end  of  the  stroke  m  the 
piston  is  very  nearly  of  the  same  pressure  as  the  air  contained  in  the  system  of  pipes.  If  it 
were  of  much  higher  pressure  it  would,  at  exhausting,  warm  up  again,  by  exerting  its  remain- 
ing power  in  i>roducing  velocities  and  frictions  inside  of  the  apparatus.  The  air,  therefore, 
leaves  this  cylinder  at  a  very  low  temperature  and  is  discharged  into  a  well  insulated  pipe 
which  conveys  it  to  the  point  of  use;  there  the  pipe  is  exposed  and  the  cooling  is  effected,  tne 
air  returning  to  be  used  over.  The  expander  helps  the  steam  cylinder  and  the  air  com- 
pressor takes  the  power.  B,  is  a  trap  placed  ^st  after  the  expander  which  intercepts  any 
oil  and  snow;  the  trap  is  provided  with  a  heating;  pipe  and  the  contents  of  the  trap  should 
be  drawn  off  every  few  hours.  The  machine  is  so  arranged  that  at  the  same  time  any 
frozen  deposits  in  the  expander  cylinder  can  be  thawed  and  blown  into  the  trap.  P,  is  the 
water  pump  which  circulates  water  around  the  copper  coil  C,  and  through  a  water  jacket 
which  surrounds  the  working  cylinder  of  the  air  compressor  B,  in  order  to  prevent  the  heat 
injuring  the  packings.  ^  G,  is  a  small  air  compressing  pumo  which  takes  air  from  the 
atmosphere  and  pushes  it  into  the  machine  and  pipe  system.  This  charges  the  system  with 
the  requisite  air  pressure  when  the  machine  starts  to  work,  and  maintains  the  pressure  against 
leakages  occurring  at  the  stuffing  boxes  and  joints.^  This  air,  of  course,  contains  the  usual 
atmospheric  moisture,  and  to  expel  this,  the  outlet  pipe  from  this  pump  passes  the  air  th3X>ugh 
the  trap  H. 


*N  OTE  .-=— In  the  A  lien  dense  air  machine ,  where  the  same  air  is  used  over  and  over  a^;ain, 
additional  moisture  can  only  come  from  the  small  make  up  air  supply,  and  most  of  this  is  re- 
moved by  the  trap  provided  for  this  purpose.  In  operation  this  trap  should  be  watched  in 
order  to  make  sure  that  its  action  is  efficient  and  that  there  is  no  danger  of  the  passage  of  water 
over  into  the  expansion  system.  In  routine  operation  it  is  usually  desirable  to  clean  the 
machine  by  heating  it  up  and  blowing  out  all  the  oil  and  ice  deposits.  To  this  end  the  valves 
in  the  mam  pipes  leading  the  air  to  and  from  the  coils  are  clcsed.  thus  shutting  off  the  machine 
from  the  remainder  of  the  system.  A  by  pass  is  then  opened,  connecting  the  main  exi>anston 
pipe  beyond  the  oil  and  snow  trap  with  the  mam  return  from  the  coils.  Connections 
are  then  opened  in  the  so  called  hot  air  pipe  leading  from  the  compressor  cylinder  to  the 
expansion  cylinder,  and  the  expansion  inlet  valve  is  partly  closed.  Live  steam  is  then  let 
slowly  into  the  jacket  of  the  oil  trap  in  order  to  thaw  out  all  ice  and  hardened  oil,  and  the  xna- 
chine  is  run  moderately  for  at  time,  during  which  the  blow  off  valves  of  the  trap  and  exx>ansion 
cylinder  are  frequently  opened  until  everything  appears  clean.  Then  the  machine  is  readjusted 
to  its  normal  condition  and  run  as  before.  If  it  should  be  suspected  that  any  considerable 
quantity  of  oil  and  water  have  gotten  into  the  pipe  system  and  are  clomng  the  surfaces,  the 
pipes  may  be  cleaned  by  running  hot  air  through  ihem  and  drawing  off  the  oil  and  ipate'"  at 

bottom  of  the  manifolds  of  the  refrigerating  coils. 
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Pigs.  8,684  and  S,5S5, — Prime  filter  and  foie  cooler,  and  apparatus  for  circulation  and  de- 
aeratioiifor  dry  plates,    in  operating  it  (fig.  5,584).  water  enteis  the  prima  filter  (to which 

_  i: A :„  -5nncctc<i  for  cleamns).  ind  aftcrwarda  passes  to  the  covered  fore 

^Aiiitw  is  reduced    to   about  40    degreea  by  the  arninoiua  coili. 

._  _- ...... ..- _  own  at  the  neht  and  It  discharges  into  the  tail- 

waymarked  "overflow"  in  fig.  6,585  and  from  it  f  alia  into  the  tail  bay.    A  auction  pipe  take* 

timugh  cork  and  thence  through  the  suction  pipe  to  the  pump.    It  will  he  noticed  ^t  in 
this  suctiDnpipe  there  is  a  throttle  valve,  and  by  partially  closms  this,  any  required  deeree 

itat^cauaed  by  slowly  passing  it  through  a  filter  b^  under  a  vacuum,  la  to  Beparate  the  air 

from  the  water,  and  although  it  remains  ' '-  '  — "-  ''     ''"  "'- ' -  —  '- 

absorb  the  air,  but  when  the  whole  ia  disc 

latinB  niaiQ  to  the  circulating  header,  whei 
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Mechanical  Ice  Making. — The  tenn  "mechanical  ice  mak- 
ing" as  here  used  relates  to  the  apparatus  and  methods  employed 
in  freezing  ice  into  cakes  for  distribution  by  ice  wagons.  There 
are  two  methods  known  as 

1.  The  can  method; 

2.  The  plate  method, 

the  fonner  being  the  more  extensively  used. 


idimcor 
ig  fittint 


Ques.    Describe  the  can  method. 

Ana.  Galvanized  cans  or  moulds  are  filled  with  water,  after 
they  have  been  suspended  the  proper  depth  in  a  tank  of  brine, 
the  brine  being'cooled  by  a  direct  expansion  system  in  the  freezing 
tank. 
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The  time  required  for  freezing  varies  from  40  to  60  hours,  depending 
on  the  thickness  of  the  cakes.  The  longer  the  time  a  given  thickness  is 
allowed  to  freeze  the  better  the  quality. 

In  removing  the  cakes  from  the  cans,  the  cans  are  drawn  out  of  the  brine 


COOLING  WATER 


Fig.  5,5S9. — ^Diagram  of  De  La  Vergne  ice  making  plant  showing  the  distilling  system 
freezing  tank. 


and 


and  sprayed  with,  or  dipped  into,  warm  water  which  loosens  the  ice  so  that 
when  the  can  is  indinea  on  its  side  the  cake  of  ice  slides  out,  the  can  being 
made  tapering  in  shape  so  as  to  facilitate  the  movement. 
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■   One  man  with  a  hoist  caa  handle  from  ten  to  fifteen  cans  per  hour. 

The  cans  are  filled  with  a  can  filler  which  is  so  constructed  as  to  auto- 
matically shut  off  the  water  supply  when  the  can  is  filled  to  the  proper 
height.  The  filler  is  inserted  in  the  can  and  the  water  turned  on.  As  the 
can  fills  the  ball  floats  and  rises  until  the  can  is  filled  to  the  right  depth, 
when  the  valve  is  automatically  closed. 


making.  The  btine  should  come  as  close  to  the  top  of  the  can  as  possible, 
and  should  be  somewhat  higher  than  the  water  in  the  can,  since  allowance 
for  expansion  as  the  water  freezes  is  made  when  the  cans  are  filled.    Cans 


NOTE.— The  cloudy  or  milltj; 
Thii  may  be  due  to  deScient  «-boili 
■'"    ■   to  an  insufficient  suppi/ of  s 
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that  are  properly  filled  with  water  will  be  even  full  of  ice  when  frozen. 
It  may  take  some  experimenting  to  find  the  exact  quantity  of  water  required, 
but  the  time  and  trouble  will  be  more  thaa  paid  for  in  the  increased  yidd 
of  ice. 

A  red  core  which  is  occasionally  seen  is  due  to  the  presence  of  carbonate 
of  iron  which  may  come  from 
the  steam,  thence  appearing  it 


n  which  may  come  from  scale  on  the  pipes  and  which  impreenatel 
._...    ., .......  .. '^of^theic*  --■-- 


Ques.    Describe  the  plate  method. 


Pig.  S,S91.— Detail  of  freeiinB  Unk  of  an  Eclipse  ice  plant,  showing  the  an-angement  of  tbc 
cam  with  covers,  ats0  the  Mine  A^itAtor.  The  agitator  is  in  the  anape  of  a  propeller  which 
Inepa  up  a  coDtiaiwua  diculation  of  brine  betw«n  bottom  and  top  itf  tank. 

Ans,  Several  vertical  hollow  iron  walls  are  built  in  a  lai^e 
tank.  The  tank  is  filled  with  pure  well  water  so  that  the  iron 
walls  are  entirely  submerged.  The  hollow  iron  walls  are  placed 
parallel  to  each  other  at  a  distance  of  from  two  to  three  feet.  The 
freezing  fluid,  consisting  either  of  cold  brine  or  ammonia,  is 
passed  through  the  hollow  walls,  with  the  result  that  the  water 
will  freeze  on  the  outside  of  the  walls:  the  water  is  kept  in  agita- 
tion either  by  means  of  a  propeller  or  pump,  or  by  compressed 
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The  construction  of  the  plate  walls  differs  according  to  the  freezing  fluid 
used.  If  cold  brine  be  used,  then  the  brine  has  to  be  cooled  in  a  separate 
refrigerator  from  which  it  is  pumped  through  the  walls  and  back  to  the 
refrigerator,  the  same  as  is  done  when  cooling  rooms  by  means  of  brine 
pipes.  The  plate  walls  in  such  a  case  are  generally  constructed  of  iron. 
'On  account  of  the  expansion  and  contraction  occasioned  by  warm  or  cold 
brine  being  passed  alternately  through  the  hollow  walls,  it  is  very  dif&cult 
to  keep  them  tight. 

If  ammonia  gas  be  used,  the  walls  are  built  up  of  expansion  pipes,  which, 
<x)nnected  at  each  end  by  return  bends,  make  one  continuous  zig-zag  coil. 
To  get  an  even  surface  the  coils  are  covered  with  thin  iron  plates  on  the 
outside  of  which  the  ice  is  frozen.  Loosening  the  ice,  when  thick  enough, 
is  effected  by  shutting  off  the  cold  ammonia  gas  and  pacing  hot  gas  through 
the  pipes  instead. 

Agitation  of  the  water  in  the  plate  method  is  accomplished  by  means  of 
air  jets  located  midway  between  the  plates,  sometimes  in  the  center,  some- 
times three  or  four  feet  from  one  end  and  sometimes  at  both  ends  of  the 
plates. 

The  harvesting  of  plate  ice  is  similar  to  the  methods  employed  with 
can  ice,  excepting  that  in  use  for  harvesting,  block  ice.  Some  use  hollow 
lifting  rods  and  thaw  them  out  with  steam,  others  use  solid  rods  and  cut 
them  out  when  cutting  up  the  ice,  and  others  again  use  chains  which  are 
dipped  around  the  cake  when  it  floats  up  in  the  tank. 

The  advantage  of  plate  ice  over  can  ice  is  that,  since  the  water  is  not 
confined  in  a  can,  it  wiU  freeze  clear,  and  for  this  reason  it  is  not  necessary 
to  distill  the  water,  it  only  being  necessary  to  filter  it. 


NOTE. — ^To  pass  at  one  time  cold  and  at  another  time  hot  ammonia  gas  through  the  same 
pipes  can  only  be  done  by  bringing  the  pipe  walls  alternately  in  connection  with  the  expansion 
and  the  compression  side  of  a  refrigerating  machine,  that  is  to  say,  make  the  pipe  walls  act  at 
one  time  as  a  freezer  and  at  another  as  a  condenser.  To  do  this  special  valve  connections  hav» 
to  be  made,  which  are  complicated,  and  (to  avoid  accidents)  require  careful  handling. 
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CHAPTER  85 
CONDENSERS 


In  order  to  understand  the  operation  of  condensers,  it  is  first 
necessary  to  know  the  meaning  of  the  term  vacuum.  By  defini- 
tion a  vacuuna  is  a  space  void  of  matter,  a  condition  regarded  as 
practically  impossible  in  nature,  hence;  by  erroneous  use  and  for 
convenience,  the  term  vacuum  has  come  to  mean  an  enclosed 
space  from  vuhich  the  air  (or  other  gas)  has  been  very  nearly  removed, 
as  by  an  air  pump — this  is,  strictly  speaking,  a  partial  vacuum, 
or  an  enclosed  space  in  which  the  pressure  is  less  than  that  of  the 
atmosphere  and  greater  than  absolute  zero.* 


*  NOTE.— According  to  the  Century  Dictionary,  metaphysicians  of  Elea,  Pannemdes 
and  Melissus  started  the  notion  that  a  vacuum  was  impossible,  and  this  became  a  favorite 
doctrine  with  ArisloUe.  All  the  scholastics  upheld  the  maxim  that  "nature  abhors  a  vacuum." 
This  is  the  doctrine  of  the  plenists.  Atomism,  on  the  other  hand .  carried  out  in  a  thoroughgoing 
manner*  supposes  empty  space  between  the  atoms.  That  gases  do  not  fill  space  homageneously 
is  now  demonstrated  by  the  phenomena  of  transfusion  and  by  the  impulsion  of  Croolces's 
radiometer;  while  the  other  observed  facts  about  gases,  taken  in  connection  with  these,  render 
some  form  of  the  kinetical  theory  of  gases  almost  certain .  This  supposes  the  molecules  of  gases 
to  be  at  great  distances  from  one  another  as  compared  with  their  spheres  of  sensible  action. 
This,  however,  does  not  exclude,  but  rather  favo.s,  Boscovich's  theory  of  atoms,  namely,  that 
atoms  are  mere  movable  centers  of  i)6tential  energy  endowed  with  mertia;  and  this  theory 
makes  each  atom  throughout  all  space  in  a  certain  sense.  But  this  does  not  constitute  a  plenum, 
for  a  plenum  is  the  exclusive  occupation  of  each  part  of  space  by  a  portion  of  matter.  Tt  may  be 
said  that  the  spaces  between  the  atoms  are  filled  by  the  luminiferous  ether,  which  seems  to  be 
the  substance  of  electricity,  but  the  dispersion  of  light  by  refraction  seems  to  show  that  the 
ether  itself  has  a  molecular  structure.  A  vacuum,  in  the  sense  of  a  space  devoid  of  ordinary 
ponderable  matter,  is  produced  (more  or  less  perfectly)  when  the  air  is  removed  from  an  enclosed 
space,  such  as  the  receiver  of  an  air  pump,  a  part  of  a  barometric  tube,  etc.  In  the  receiver  of 
the  ordinary  air  pump  the  vacuum  can  only  be  partial  since  with  each  stroke  of  the  piston  only 
a  certain  fraction  of  the  air  is  removed  (dependmg  upon  the  relative  size  of  the  cylinder  and  the 
receiver),  and  hence,  theoretically,  an  infinite  number  of  strokes  would  be  necessary.  Practi- 
eallifp  the  degree  of  e:^austioH  obtained  falls  short  of  thai  demanded  by  the  theory,  owing  to  the 
imperfections  of  the  machine;  thus,  in  the  common  form,  the  exhaustion  is  limited  to  the  point 
where  the  remaining  air  has  not  sufficient  elasticity  to  raise  the  values.  By  the  Spreng^l  or  mercury 
air  pump  a  nearer  perfect  degree  of  exhaustion  is  attainable  than  with  the  mechanical  form. 
The  nearest  approach  to  a  perfect  vacuum  is  obtained  when  chemical  means  are  employed  to 
absorb  the  last  traces  of  gas  left  is  exhausted  by  mercury  air  pump.  The  J'orric  Allan  vacuum 
— ^that  is,  the^space  above  the  mercury  in  a  carefully  manipulated  barometer  tube,  is  more 
nearly  perfect  in  this  respect,  but  the  space  contains  a  small  amount  of  the  vapor  of  mercury. 
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At  sea  level  the  pressure  of  the  atmosphere  is  ordinarily  14.7  lbs.  per 
sq.  in.,  measured  above  absolute  zero,  that  is,  the  zero  pressure  of  a 
perfect  vacuum.  The  atmospheric  pressure  gradually  decreases  with 
increasing  elevation.  For  instance,  at  Ji  mile  above  sea  level  it  is  14.02 
lbs.;  at  H  mile,  13.33;  at  Ji  mile,  12.66;  at  1  mile,  12.02;  at  1}<  miles, 
11.42,  at  IJ^  miles,  10.88,  and  at  2  miles,  9.8  lbs.  per  sq.  in.  For  a  rough 
approximation,  the  pressure  is  said  to  decrease  }4  lb.  for  each  1,000  ft. 
of  ascent. 

At  any  given  point  the  atmospheric  pressure  is  continually  varying,  being 
influenced  by  weather  conditions.^ 

To  measure  the  pressure  of  the  atmosphere,  take  a  glass  tube  about  three 
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Figs.  5,595  to  5,597. — Measuring  the  pressure  of  the  atmosi)here  with  mercury  column.  Take 
a  3  foot  glass  tube  closed  at  one  end,  fill  it  with  mercury  as  in  fig.  5,595,  invert  as  in  fig.  5,596, 
and  submerge  the  open  end  in  a  cup  of  mercury  as  in  fig.  5,597.  The  column  of  mercury  will 
fall  in  the  tube  until  its  weight  is  just  balanced  by  the  pressure  of  the  atmosphere,  thus  indi- 
cating "in  inches"  the  pressure  of  the  atmosphere.  The  device  as  shown  in  fig.  5,597  is  called 
a  barometer. 


feet  long,  closed  at  one  end,  and  fill  it  with  mercury  as  in  fig.  5,595,  dose 
the  open  end  with  the  thumb  to  prevent  premature  escape,  and  invert  it, 
as  in  fig.  5,596,  and  placing  the  open  end  in  a  cup  of  mercury,  as  in  fig.  5,597. 

When  the  thumb  is  removed  from  the  open  end  of  the  glass  tube  the  mer- 
cury inside  will  recede  from  the  closed  end  of  the  tube  untU  the  column 
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stands  approximately  30  ins.  above  the  level  of  the  mercury  in  the  cup, 
and  since  a  cu.  in.  of  mercury  weighs  .4916  lbs.,  the  pressure  of  the  atmos- 
phere when  the  mercury  coltunn  stands  30  ins.  high,  is 

.4916X30  =  14.74  lbs.  per  sq.  in. 

Now  if  the  end  of  the  barometer,  instead  of  being  closed,  were  put  in 
communication  with  the  in^de  of  a  condenser  the  mercury  would  fall  in 
the  tube  until  its  height  indicated  the  difference  between  the  atmospheric 
pressure  and  the  pressure  in  the  condenser.   Thus,  in  fig.  5,598  the  barometer 
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Pigs.  6,598  and  5,599. — ^The  meaning  of  a  24  inch  vacuum  "referred  to  a  30  inch  barometer." 
According  to  the  vacuum  gauge  the  condenser  here  shown  is  operating  under  a  24  inch 
vacuutn.  This  means  that  if  a  glass  tube  H,  whose  lower  ^nd  is  submerged  in  a  cup  of 
mercury,  have  its  upper  end  connected  to  a  branch  pipe  leading  to  the  condenser,  on  opening 
valve  M,  the  mercury  will  be  "sucked  up"  in  the  tube  to  a  height  of  24  inches  above  the  levd 
of  the  mercury  in  the  cup.  Strictly  speal^ing  it  is  not  correct  to  say  "sucked  up,"  because  the 
mercury  is  in  reality  "pushed  up"  by  the  weight  of  the  atmosphere  which  presses  downward 
against  the  exposed  surface  of  the  mercury  outside  of  the  tube.  Opposing  this  pressure  is  a 
back  pressure  m  the  condenser  equivalent  to  6  ins.  of  mercury,  hence  the  mercury  in  H,  glass 
stands  at  only  24  ins.,  instead  of  at  30  ins.  as  in  the  barometer  O,  where  there  is  no  back  pres- 
stu«  opposing  the  pressure  of  the  atmosphere .  Now  evidently  the  condition  of  24  inch  vacuum 
with  o  Inch  oack  pressure  in  the  condenser  can  only  exist  when  the  barometer  stands  at 
20  inches  as  explained  in  the  text,  that  is 

vacttum+condenser  pressure  ^atmospheric  pressure 
^     +  «  -  30 

Accordingly  the  24-inch  vacuum,  in  the  condenser,  is  said  to  be  *'ref erred  to  a  30  inch  baram' 
eler"  because  with, the  constant  condenser  pressure  of  6  ins.,  the  column  of  mercury  H.  will 
only  remain  at  24  ms.  m  long  as  the  barometer  O.  is  at  30  ins.,  varying  in  height  with  O. 
being  always,  o  Ins.  less  than  O.  Thus  if  the  barometer  drop  to  say  20  ins.  as  in  O'.  fig.  6,599 
tfcf  vacuum  tn  the  condenser  would  also  diop  to  20 — 6  ■■  14  ins.  as  in  H'. 
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O,  which  registers  the  pressure  of  the  atmosphere  stands  at  30  ins.  If 
a  »niilar  tube  H,  be  submerged  in  a  mercury  cup  and  its  upper  end  con- 
nected to  a  condenser  as  shown,  if  there  be  say  a  24-inch  vacuum  in  the 
condenser,  on  opening  valve  M,  the  merctuy  will  be  "sucked  up"  in  the 
tube  to  a  height  of  24  mches  or  six  inches  less  than  the  height  of  the  barom- 
eter O.  The  6  ins.  difference  between  the  two  columns  represents  the  ab- 
solute pressure  in  the  condenser,  that  is 

absolute  pressure  in  condenser » 6 X. 491 16  =2.95  lbs.  per  sq.  in. 

The  24-in.  vacuum  in  the  condenser  is  the  difference  between  the 
atmospheric  pressure  (14.74  lbs.)  and  the  absolute  pressure  (2.95  lbs.) 
in  the  condenser,  that  is 

24-inch  vacuum  in  condenser  =  14.74 — ^2.95  =  11.79  lbs.  per  sq.  in. 
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Pigs.  6,600  to  5,606. — ^Readings  of  the  l>aTpmcter  in  ins.  of  mercury  with  equivalents  m  lbs. 
per  sq.  inch  for  different  elevations.  It  should*  be  noted  that  although  ordinarily  the  atmos- 
pheric pressure  at  sea  level  is  taken  at  30  i:".  corresponding  to  30 X. 49116  al4.74  lbs.  per 
sq.  in.,  or  roughly  14.7  lbs.,  there  is  a  atandard  atmomphere  which  as  taken  by  Markm  tmd 
Davis  in  their  steam  tables  is  defined  as  29.921  inches  of  mercury  or  14.606  lbs.  i>er  sq.  in. 


Now,  what  would  happen  if  the  apparatus  shown  in  fig.  5,598  were 
raised  to  a  high  elevation,  catising  the  mercury  in  the  barometer  tube  O,  to 
fall  to  say  20  ins.  as  in  O',  fig.  6,599?  Evidently,  at  this  high  elevation 
a  24-inch  vacuum  could  not  exist  in  the  condenser,  but  the  absolute  6-inch 
back  pressure  in  the  condenser  would  remain  the  same,  hence  the  mercury 
in  the  mercury  gauge  would  fall  to  20 — 6  =  14  ins.  as  in  H',  fig.  5,599. 

If  an  engine  be  attached  to  the  condenser  shown  in  fig.  5,598  and  there 
was  no  drop  in  pressure  between  the  cylinder  and  the  condenser,  the  working 
conditions  would  be  represented  by  the  card,  fig.  6,607.  Note  here  that 
the  exhaust  Une  of  the  card  coincides  with  the  condenser  line  corresponding 
to  the  24-inch  vacuum,  which  exists  in  the  condenser.  In  practice  this  is 
not  possible  because  the  exhaust  or  back  pressure  in  the  cylinder  will  always 
be  greater  than  the  condenser  pressure  on  accoimt  of  the  f  rictional  resistance 
due  to  the  exhaust  pipe,  elbows,  cylinder  passages,  etc.,  giving  some  sudi 

ird  as  in  fig.  5,608.     Note  here  that  the  cylmder  back  pressure  line  is 
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suiting  in  a.  card  loss  represented  by  the 


Saving  Due  to  Condensing.— When  an  engine  is  run  without 
a  condenser  the  steam  must  be  exhausted  against  the  pressure 
of  the  atmosphere,  or  14.7  lbs  per.  sq.  in.  Now  the  nature  of 
steam  is  such  that  most  of  this  back  pressure  can  be  removed, 
that  is,  if  at  the  end  of  the  forward  or  steam  admission  stroke, 
the  cylinder  full  of  steam  be  chilled  as  by  injecting  cold  water 
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or  exhausting  into  a  cold  chamber,  the  steam  will  condense 
leaving  a  vacuum  into  which  the  piston  can  return  without 
having  to  force  back  the  atmosphere. 

Thus,  in  fig.  5,612,  steam  is  admitted  during  the  up  stroke, 
and  in  fig.  5,613,  at  the  end  of  the  stroke,'  the  steam  is  shut  oflf 
and  a  spray  of  cold  water  injected  which  causes  the  steam  to  con- 
dense and  occupy  over  1,600  times  less  space,  thus  forming  a 
vacuum.    This  is  the  way  the  historical  Newcomen  engine  ran. 

It  was  called  an  atmospheric 
engine  because  the  steam 
pressure  carried  was  but  little 
above  that  of  the  atmosphere. 


Instead  o£  condensing  the 
steam  in  the  cylinder,  Watt  im- 
proved matters  by  introducing  a 
separate  condenser.  With  this 
arrangement  the  walls  of  the 
cylinder  were  not  tmnecessarily 
cooled  by  the  injection  water, 
and  accordingly  there  was  less 
loss  by  premature  condensation, 
that  is,  condensation  during  the 
up  stroke. 
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It    must   be  evident   that 
since,  by  condensation,  most 


Pig.  6.611.— Operation  of  ordinary  lift  pump  vacuum  as  mwsured  l^wcA<w  ^L'^'^^y  *"^ 
feet  of  water.  Ab  Bhown,  the  mercury  in  the  barometer  O,  is  at  30  ms.  cornttpoodrng  to 
atmospheric  pressure  of  14.74  lbs.  Now  for  each  lb.  per  aq.  in.  the  correspondnitf  head  of 
water  IS  2.30047  ft. ,  hence  if  water  were  used  in  the  barometer  instead  of  merwiry  Oie  height 
of  the  column  of  water  corresponding  to  atmospheric  pressure  of,  14.74  lbs.  (30  ins  .of  mer- 
cury) is  14.74  X2.80947  -34.042  ft.,  say  34  ft.  The  pumppiston  is  31.76  ft. .above  the  water 
level,  at  which  elevation  a  meicurial  gauge  attached  at  H.  would  read  28  ins.  leaving  otI^ 
two  ins.  margin  of  available  pressure  to  overcome  fnction  and  to  hft  the  foot  valve  m.  This 
•istance  31 .76  ft.  is  about  as  high  as  would  be  possible  to.lift  the  water  with  the  barometer  at 
ins    and  in  practice  about  25  ft .  is  considered  the  maxinwm  hft  for  satisfactory  opentum. 
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of  the  back  pressure  is  removed  from  the  exhaust  side  of  the 
piston,  a  considerable  gain  in  power  or  saving  is  the  result. 
The  extent  of  this  savii^  depends  largely  upon  conditions  of  , 
operation,  the  net  economic  e£Eect  being  equal  to  the  saving  in  ■ 
fuel  less  the  cost  of  condensing. 

To  obtain  an  idea  of  the  nature  and  extent  of  the  saving  due 
to  condensing,  consider  first  the  theoretical  results  obtained  with 


Fics.  fi,S12  and  S,S13. 


BTpRuure  tt 


NOTE.- 
baek  pTOgtm  to  ■  mmimus 
eo^uea  could  onlr  work  fa 
pliod  wiugwieniar  of  a  lo    ._ 

the  Bteam  enainfl  owe*  its  birtL,  ior  flt«iun  was  pnfeirnl  by  the  et--, ,___,_ _,_.- 

it  wsa  lo  iBuily  chuiged  fromaM  to  a  Ixqiud  and  to  prodiiced  that  vacuum  which  Kat 
was  nippoKd  to  abhoi.  and  to  fiU  which  (b«  would  do  tfia  work  of  hones.  The  exact  relation 
of  the  condenaer  ii  better  undentoed  b^  foUowuv  Hh  eaily  history  of  the  itcam  eiudne  from 
the  day  when  the  cooUhk  water  waa  admitted  to  tha  cylinder  after  toe  steam,  and  then  allowed 
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prceaure,  and  m  admittins  the  hot  Bteam  into  tiu  cold  cylinder,  made  the  engine  double  acting. 
— ■'  -" — '"id  the  condansation  in  a  separate  chamber.    The  iet  of  water  contbued  tong  after 
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supply,  in  which  cue  tha  steam  will  not  be  condensed,  but  will  accumulate  in  tha  condenser 
dotroylng  the  vmcmim  and  heetinjl  up  the  condenser.  Rdief  valves  wliich  open  automatic- 
all}'  to  the  atmosphere  when  the  preMure  in  the  condenser  exceeds  that  outside  are  usually 

loaitad  and  noiedied      Again  a  eondmser  may  fail  to  work  on  account  of  failure  of  the 

apt  to  result  Krioosly.  for  if  there  should 
is  likely  to  be  by  expansion  in  the  low  [ 
engine,  or  even  m  •  ataxia  cylinder  engin 
the  water  will  draw  into  it  and  result  in  s 

'd  alwaya  be  provided 

on  when  tha  height  ol 


le  condenser.     Such 


re  cylinde 


itically  admittiE 


re  must  be  taken  that  notlung  oc 


n  theai 


'hen  li^tly  loaded 

■  a^r  and  brealdna 
safe  limit,  and 


3,106 


CONDENSERS 


1.  Throttling  engine.     2.  Automatic  cut  off  engine. 

In  the  first  instance,  assume  a  throttling  engine  running  non-condensing 
with  80  lbs.  initial  gauge  pressure,  and  J^  cut  off,  as  indicated  by  the 
theoretical  diagram,  fig.  5,614.     The  corresponding  mean  effective  pressure  is 

94.7X1.69 


—  14.7  =  65.3  lbs 


(1) 


Now,  if  the  engine  be  operated  condensing,  the  condenser  will  reduce 
the  back  presstu-e  to  say  2  lbs. ,  thus  removing  14.7 — 2  =  12.7  lbs.  pressure 
from  the  exhaust  side  of  the  piston. 

Now  since  the  cut  off  remains  the  same,  for  equal  power,  the  throttling 
governor  will  reduce  the  initial  pressure  to  approximately  80  lbs.  absolute, 
giving  a  m,e,p,  of 

80X1.69        _         ana^u  /o^ 
^ 2  =  65.6  lbs (2) 
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being  practically  the  same  m.e,p,  as  obtained  in  (1). 
Fig.  5,615,  is  the  condensing  diagram,  the  solid 
black  area  M,  being  the  portion  of  the  diagram 
due  to  the  condenser. 
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Pigs.  5,614  and  5,615. — ^Theoretical  diagrams  for  egual  power  of  throttling  engine  operating 
non-condenstns  (sometimes  ill-advisedly  called  "high  pressure"  operation),  as  in  fig.  6,614, 
and  condensing  as  in  fig.  5,615.  It  should  be  distinctly  understood  that  these  are  theo- 
retical cards  for  engines  without  clearance  being  shown  for  simplicity  and  in  practice  the 
actual  saving  by  condensing  depends  on  many  conditions.  The  solid  black  area  M ,  is  due  to 
the  condenser:  hence,  it  must  be  evident  that  in  governing  by  throttling  when  changing 
from  non-condensing  to  condensing  operation,  the  initial  pressure  is  lowered  until  the  card 
area  &'&  M  (fig.  5,615)  is  equal  to  S  (fig.  6,614)  thus  maintaining  constant  load.  Also  if 
the  initial  pressure  remained  the  same  and  condenser  be  added  the  card^area  S,  would  be 
increased  by  the  area  M,  giving  the  cord  L,A,R,P,G  (fig.  5,614)  increasing  the  power  by 
area  M .     This  is  one  way  of  increasing  the  power  of  an  engine . 

Again,  if  the  volume  of  the  cylinder  up  to  the  point  of  cut  off  be  one  cu. 
ft.  (no  clearance),  it  would  require  when  running  non-condensing  one  cu. 
ft.  of  steam  at  S4.7  lbs.  which  weighs  .2151  lb.,  and  when  running  con- 
densing, one  cu.  ft.  of  steam  at  80  lbs.  pressure  which  weighs  .1829  lb. 
Hence,  when  running  condensing  there  would  be  an  apparent  saving  ol 
.2151  —  .1829  =  .0322  lb.  per  stroke,  or 

'^^^^2"l51^^^  ><  ^^  "  ^^-^^^^ 
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Consider  now  the  automatic  cut  off  engine,  running  non-condensing, 
with  80  lbs.  initial  gauge  pressure,  and  }4  cut  off,  17.7  lbs.  abs.  bade 
pressure  as  indicated  by  the  theoretical  diagram  in  fig.  5,616,  giving  a 
mean  effective  pressure  of* 


94.7X2.39 


-17.7=38.9  lbs. 


(1) 


Now  if  the  engine  be  nm  condensing,  the  condenser  reducing  the  back 

gressure  to  say  2  lb«.,  this  will  remove   17.7 — 2  =  15.7   lbs.  pressure 
cm  the  exhaust  side  of  the  piston,  hence  the  engine  governor  would  autb- 
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Pigs.  5,616  and  5,617. — ^Theoretical  diagrams  for  equal  x)ower  of  automatie  cut  o# engine  oper- 
ating non-condensing,  as  in  fig.  5,616,  and  condensing,  as  in  fig.  5,617.  Here  the  area  of  the 
card  remains  the  same,  but  its  contour  changes.  The  solid  black  portion  S,  is  the  portion 
due  to  condensing,  hence  to  keep  the  power  constant  the  portion  M,  above  the  atmospheric 
line  is  reduced  by  shortening^  the  cut  off  till  M+S  =L.  The  cut  offs  here  shown  are:  ^  non- 
condensing,  and  ^/t  condensing  are  usually  the  most  economical  cut  offs. 

matically  shorten  the  cut  off  to  some  point  such  that  the  portion  of  the 
card  produced  above  the  atmospheric  pressure  line  would  give  a  mean  effec- 
tive pressure  of  38.9 — 17.7=21.2  lbs.  or  the  same  m.cp,  of  38.9  lbs.  for 
the  entire  card,  thus  giving  constant  power. 

By  trial  and  error  the  shortened  cut  off  is  found  to  be  l/7th,  thus: 

94.7X2.95 2=38.91bs.  m.(?./> (2) 

The  diagram  corresponding  being  shown  in  fig.  5,617. 

Now,  +=4^."5"  Ji~57%  of  Ji,  hence,  the  volume  of  steam  to  be  admitted 
for  ^  cut  off  is  only  57%  of  that  required  for  J^  cut  off,  and  accordingly 
the  apparent  saving  is 

1 57 

-nr"X100=43% 


♦note. — In  equations  (1)  and  (2)  above  94.7,  is  absolute  initial  pressure;  2.39  and  2.95 
is  1-h  hyp,  log  of  4  and  7  (expansions)  respectively. 
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In  these  two  cases  the  saving  is  the  apparent  saving  for  as 
must  be  evident,  if  a  feed  water  heater  be  used,  the  feed  water 
could  be  returned  to  the  boiler  at  a  higher  temperature  when  oper- 
ating non-condensing  than  with  a  condenser,  because  some  of  the 
heat  is  carried  off  in  the  circulating  water  of  the  condenser, 
which  otherwise  would  be  absorbed  by  the  feed  water. 

Thus  the  temperattare  of  the  exhaust  steam  at  atmospheric  pressure  is 
212^  Fahr.,  and  at  2  lbs.  absolute,  126*',  and  asstuning  that  with  a 
feed  water  heater  the  water  could  be  heated  to  these  temperatures,  its 
temperature  would  be  212 — 126  s  86^  higher  non-condensing  than  con- 
densing. Now  since  there  is  a  saving  of  approximately  1  %  for  each  10^ 
that  the  feed  water  is  heated,  the  saving  in  this  case  would  be  8.6  %, 
which  must  be  deducted  from  the  apparent  saving,  and  also  the  work  of 
the  condenser  pump  to  obtain  the  net  (theoretical)  saving.  The  work  of 
the  condenser  pump  consists  in  pumping  the  water  used  in  condensing 
the  steam  and  removing  fur  from  the  condenser. 

Assvuning  2^  for  this  work,  the  net  theoretical  saving  would  be  as 
follows: 

llirottUng         Cutoff 
agine ,  engine 
Apparent  theoretical  saving                                   13.48%  43% 
Increased  saving  by  feed  water  heat- 
ing (non-concfensing) .   i8.6% 

Work  of  condenser  pump 2     * 


10.6  %  10.6%  10.6% 


Net  theoretical  saving  condensing.. .  2.88  %  32.4  % 

Thus  considerably  more  saving^  is  obtained  with  the  cut  off  en^e  than 
with  the  throttling  engine,  which  is  to  be  expected,  because  of  the  mcreased 
expansion  of  the  steam. 

Now  in  practice  the  net  economy  of  condensing  is  somewhat  less  as 
explained  in  tibe  note  below.* 


*N0TE  .—fconomyo/CoiuiefMlnir.   "It  is  held  in  the  popular  mind  that  the  eoonomyol 

condensing  is,  in  round  numbers,  25%.  This  percentage  usually  relates  to  simple  engines  and 
it  refers  to  the  economy  as  measured  by  the  oifterence  in  the  coal  consumption  produced  by  a 
condenser."  The  evidence  of  some  of  Barms'  test  shows  that  "this  belief  is  not  well  founded 
except  in  special  cases."  "If  the  feed  water  be  heated  by  the  exhaust  steam  of  the  non-oon- 
densmg  engine  to  a  temperature  of  100^,  which  is  that  of  the  ordinary  hot  weU.  to  a  tempera- 
ture of  210^,  the  non-condensing  engine  can  be  credited  with  about  11%  less  coal  consmnptioa. 
which  should  be  considered  in  determining  consenser  economy."  The  average  of  a  number  ct 
Barrus'  tests  gives  a  savixig  produced  by  condensing  of  22.3% .  "If  we  allow  for  the  steam^  or 
power  used  by  an  economical  condenser,  it  would  be  seen  that  the  net  economy  of  condensing 
IS  at  best,  not  much  over  20%.  based  on  steam  consumption.  If  furthermore,  we  'allow  for 
•3  difference  produced  by  heating  the  feed  water  to  the  extent  above  mentioned,  the  sanrng 
^lel  would  be  reduced  to  about  10%." — Barrus, 
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Classification  of  Condensers. — Because  of  varied  service 
conditions,  there  are  ntunerous  types  of  condenser,  and  these 
xnaube  classed 

1.  With  respect  to  the  method  of  transferring  the  heat  from 
the  steam  to  the  cooling  water,  as 

a.  Direct  contact  (jet  condensers) Claaa  1 

b.  Surface  contact  (surface  condensers) CUus  2 

Note  there  are  the  two  general  classes  into  which  all  condensers  are 
divided. 


2.  With  respect  to  the  method  of  circulating  the  cooling  water 
in  Class  1 ,  as 

o.  Rain. 
h.  Jet. 

c.  Barometric  or  siphon. 

d.  Exhaust  steanfl^jector. 

3.  With  respect  to  the  method  of  circulating  the  cooling  water 
in  Class  2,  as 

a.  Keel. 

b.  Inboard  (commonly  called  "surface"). 

c.  Atmospheric. 


4.  With  respect  to  the  flow  of  the  water  and  steam,  as 

a.  Parallel  flow. 

b.  Counter  flow. 


6.  With  respect  to  the  degree  of  travel  of  the  steam  or  water 
(extent  of  baffling) ,  as 

a.  One  pass. 
h.  Two  pass,  etc. 


»>1IU  CONDENSERS 

METHOD  OF  HEAT  TRANSFER 


^.^CONDENSATE  AND 
iJjC      COOLING  WfTCR 

'CIRCULATING  WATER  METHOD 

~  kss 


3CIRCULATIN6  WATER  METHOD  -  CLASS  2 


4  FLOW  OF  STEAM  AND  WATER 
PARALLEL  FLOW         id**-&TEAM  rt>*'^TEA* 


CONDEKSATy 

5  DEGREES  op  BAFFLIH© 
ONE.  PASS  TWO  PASS  ONE  PASS  TWyO  PA55„ 


^  FOR  WATER  li.         '  '  '    FOR  STEAM 

;.  E  SIS  to  G,632. — ElemenUry  Goudenaera  illustiatiog  the  cUsaificatioa  Bivtm  on  pac* 
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GLASS  1:  JET  CONDENSERS 

A  jet  condenser  is  a  closed  vessel  into  which  a  spray  of  cold  water 
is  "injected,"  hence  the  nanae  "injection"  water  is  usually  given 
to  the  cooling  water.  Fig.  5,633  shows  the  simplest  form  of  jet 
condenser.  The  steam  from  the  engine  cylinder  passes  into  the 
condenser  where  it  is  almost  instantly  condensed  by  Contact  with 
a  shower  of  cooling  water,  or  so  called  injection  water. 


S. 633.— Elementary  jet  condenser  Bhowiog  essential  pai 
called  airpump  and  erroneously,  called^'vacuum  pun 


Since  each  cubic  foot  of  exhaust  steam  shrinks  to  about  one 
cubic  inch  of  water  when  condensed,  an  empty  space  or  vacuum 
is  thus  created  in  the  condenser.  This  vacuum  draws  in  the 
cooling  water  which  after  contact  with  the  steam  is  removed 
by  a  so  called  air  pump. 

There   is   always    a    small   amount  of  air    carried  into   th 
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condenser,  both  with  the  steam  and  with  the  injection  water, 
and  also  a  large  amount  admitted  through  leaks. 

In  this  type  of  condenser  a  single  pump  usually  removes  both 
the  air  and  the  water,  although  in  the  large  sizes  a  so  called 
"dry"  air  pump  is  used  to  remove  the  air  only,  as  distinguished 
from  a  "wet"  air  pimip  which  removes  both  air  and  water. 


It  is  popularly  supposed  that  the  air  pump  creates  the  vacuum, 
but  this  is  not  correct  and  probably  accounts  for  the  erroneous 
name  of  "vacuum"  pump  for  air  pump.  In  reality  it  is  the 
condensation  of  the  steam  that  prodtices  the  vacuum,  whereas  the 
air  pump  merely  prevents  the  vacuum  already  created  by  ike  con- 
densation of  the  steam  being  destroyed  by  the  accumulation  of  air.  * 

*  NOTE. — Tf  a.  dry  air  pump  be  shut  do^^.  a  Ciflht  (surface)  condenoer  will  stitl  op«nto 
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Ques.    What  determineB  the  degree  of  vacuum  in  the 
condenser? 


Pic.E.eSS. — Panillel  flow  "jet  "condenser.  The  omdensercofubriorB  conical  oi  bottle  ih^Kd 
Cditinaptojectinff  down  into  thewatcrend  of  the  air  pump,  and  b&ving  ot>enin£s  in  itsuppet 
paitafor  steam  and  cooUng  water.  Since  the  cooling  water  comes  into  contact  iriUi  the 
ill  produce  a  higher  vacuum  with  a  si"™  Ho"  of  cooling  water  than  will  a  Burfnee 


oparatlon,  the  exhkust 

0tita  tluough  which  the  t 
biealQ  the  water  passin 

chaijed  into  a  convenient  waste  pipe,  or  into  aTiDt  well  when  the  dischaige  wata 
for  feeding  the  boilers.  The  condensing  chamber  is  ordinarily  made  from  one-nun 
half  the  volume  of  the  engine  cylinder  with  which  it  is  to  be  used.  The  injection  m 
bft  raised  from  n  tanlt  or  other  supply  by  the  vacuum  action  of  the  condenser.  p^D^ 
elevation  is  not  more  than  20  ft.    If  more  than  this,  some  form  of  pump  must  be  x 

ia  rapidly  condeciBBd .  thus  maintaining  a  constant  vacuum.  The  coadensine  chamb 
to  niativelv  amall  siie  at  the  lower  end ,  thus  causinK  a  rapid  flow  of  water  into  the 
that  the  air  will  be  discharged  with  it  instead  of  accumulating  in  the  condenser. 
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Ans.     Theoretically  the  highest  temperature  of  the  water  in 

the  condenser. 

Any  pump  which  takes  air  from  the  condenser  must  necessarily  remove 
water  vapor  with  the  air.  The  vacuum  therefore  is  not  mcreased  by  pump- 
ing out  this  vapor,  because  since  the  pressure  of  the  latter  depends  on  the 
temperature,  vapor  will  form  faster  than  it  can  be  removed. 


Fig,  5,636. — Wheeler  low  level  jet  condenser  with  radojet  air  pumps,  multiplex  atmospheric 
relief  valve,  and  special  drive  for  the  removal  pumps  consisting  of  both  gear  connected 
turbine  and  direct  connected  motor  providing  for  heat  balance  operation,  in  opneraiion, 
water  enters  a, distribution  belt  and  nows  at  nigh  velocity  through  nozzles,  and  is  broken 
into  a  finely  divided  spray,  which  is  carried  downward  by  the  velocity  of  the  entering  ex- 
haust steam  to  the  condenser  base.  The  resulting  intimate  mixture  is  said  to  cause  a  hot 
well  temperature  not  much  lower  than  that  of  the  entering  exhaust  steam.  The  air  intro- 
duced into  the  condenser  with  the  injection  water,  and  by  leaks  together  with  the  vapors 
that  are  non-cxmdensable  at  the  existing  temperature  are  both  drawn  from  the  main  xnixtore 
into  an  axmular  space  directly  above  the  injection  water  distributing  ring,  where  they  are 
cooled  to  as  low  a  temperature  as  possible  before  being  handled  by  the  air  pumps.  ^  Automatic 
vacuum  heaters  are  provided  to  protect  main  engine  or  turbine  in  case  of  flooding. 

Low  Level  or  **Jet'*  Condensers. — The  term  jet,  although  it 
is  applied  too  broadly  to  all  condensers  in  which  the  steam  and 
cooling  water  come  into  direct  contact,  is  generally  used  to  desig- 
nate a  low  level  condenser  in  which  a  pump  is  required  to  remove 
the  water  as  distinguished  from  a  high  level  or  barometric  con- 
denser, which,  as  later  explained,  requires  no  pump.  There  are 
three  general  types. 
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1.  Parallel  flow. 

2.  Counter-flow. 

3.  Combined  counter  and  parallel  flow. 

Fig.  5,635  shows  the  parallel  flow  type  in  which  the  steam  and 
water  flow  in  the  same  direction . 

The  cooling  or  injection  water  is  supplied  at  the  top  through  an  adjustable 

;ONOENStO 
( 

N  TROuens 


sITER 
OW 


Fic.  6.637. — Counter-flow  "jet"  condenser.  In  thit  arrBitttmtnl  thesliam  and  vnittT  flaw  in 
oppoiitt  iincliims,  that  in.  the  entering  steam  encounters  the  vannest  nater  sad  condenses 
ABit  riseflipssdasthroush  Bueceasive  curtains  of  waler,  obtained  by  suitably  arranged  over- 
flow traytt.  Thui  the  temperature  of  the  vapors  is  gisduaEly  reduced  as  they  approach  the 
top  of  the  condeaser.  due  to  the  pronimity  of  the  incoming  injection  "rater.  Ultimately  the 
fTiixture  ent«riiis  the  suction  pipe  to  the  vacuum  pump  conaistsof  air  of  relatively  high  de^Lsity 
eomp«u«d  with  that  of  the  residual  water  vapors. 


The  mixture  of  condensate  and  cooUng  water  is  drawn  from  the  bottom 
of  the  condensing  chamber  into  the  piunp  and  delivered  either  to  the 
sewer  or  hot  well,  depending  upon  whether  the  discharge  water  is  to 
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used  for  feeding  the  boiler.    If  this  be  done  the  exhaust  steam  shotild  pass 
through  a  grease  extractor  before  reaching  the  condenser. 

In  designing  a  condenser  of  this  type  the  volume  of  the  condensing 
chamber  is  usually  made  from  H  to  J^that  of  the  engine  cylinder.  The 
method  of  delivering  the  cooling  water  depends  upon  the  lift.  If  it 
be  not  over  Wfeet,  it  may  be  drawn  up  by  suction,  but  if  greater,  a  pump 


STEAM 


SPRAY 
PIECE. 


COUNTER  FLOW 


-^ PARALLEL  FLOW 


COOLING 
WATER 


/  /  » /    TO  DRY  AIR  PUMP 


TO  WATER  REMOVAL 
PUMP 


Pio.  5,688. — Combined  counter-flow  and  parallel  flow  "jet"  condenser. 


should  be  used.  For  high  lifts  of  cooling  water  (15  to  20  feet),  a  priming 
valve  and  overhead  water  supply  will  be  found  desirable  in  starting  the 
condenser;  this  supply  should  be  shut  off  as  soon  as  a  vacuum  is  obta^ed. 


Fig.  6,637  shows  the  counter  flow  type  of  jet  condenser,  in 
which  the  steam  and  water  flow  in  opposite  directions. 
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With  this  arrangement,  as  is  readily  seen,  the  coldest  water  comes  in 
contact  with  the  coldest  steam,  that  is,  with  steam  in  its  last  stage  of  condensa- 
tion, thus  tending  more  to  complete  condensation  in  the  condensing 
chamber  and  requiring  a  smaller  amount  of  cooling  water.  In  this  arrange- 
ment the  cooling  water  and  condensate  fall  to  the  bottom  of  the  condenser 
and  are  carried  off  by  the  injection  water  pump,  but  the  air  rises  to  the  top 
of  the  condenser,  being  cooled  as  it  rises,  and  is  efficiently  expelled  from  the 
top  by  a  so  called  dry  air  pump. 

Fig.  5,638  shows  what  might  be  called  a  combined  counter 
and  parallel  flow  jet  condenser . 

The  air  may  be  carried  off  either  by  a  dry  or  wet  air  pump.  The  cut 
shows  the  dry  air  pump  tjrpe.  The  air  is  drawn  away  at  A,  a  ix)int  below 
that  where  the  condensation  takes  place. 

Any  attempt  at  making  a  dry  air  pump  connection  at  B,  is  useless,  as  the 
entermg  steam  would  prevent  the  collection  of  air  and  the  net  result  would 
be  the  removal  of  steam  only,  which  would  not  increase  the  vacuum. 


Automatic  Vacuum  Breakers. — To  protect  the  main  engine 
or  turbine  from  flooding,  every  jet  condenser  which  depends  upon 
a  pump  for  the  removal  of  the  water  is,  or  should  be,  provided 
with  an  automatic  vacuum  breaker,  in  case  the  water  removal 
pump  should  fail.  At  the  usual  rate  of  flow  a  jet  condenser  would 
be  entirely  filled  with  water  in  a  few  seconds  should  the  removal 
pump  stop,  unless  provision  be  made  to  break  the  vacutim  and 
thereby  stop  the  suction  of  the  incoming  water. 

There  are  numerous  types  of  vacuum  breaker  depending  for 
their  action  on  the  principle  of 

1.  Reduced  contact  surface. 

2.  Air  admission. 

a.  To  condenser. 

b.  To  cooling  water  pipe. 

The  reduced  contact  surface  type  consists  simply  of  a  con- 
structed neck  at  the  upper  part  of  the  condensing  chamber  " 
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shown  in  fig.  6,639,  which  with  undue  rise  of  the  cooling  water 
causes  the  condensing  surface  to  rapidly  diminish  it  so  that  it  is 
inadequate  to  condense  the  steam,  thus  caiising  the  pressure  tc 
rise  within  the  condenser. 

The  air  admission  types  consist  usually  of  a  ball  float,  placed 


Flc.  5fl39.— Low  level  parallel  flow  jet  condenser  showing  WorthinEtan  niuctd  caafaa  sv 
face  vicuum  breaker.    In  eomtriKtion  the  neck  or  upper  part  o£  the  condenser  chamber  L 

by  the  cooling  water  pipe.  In  operallon,  rapid  condensation  ia  due  only  to  the  large  aurfsm 
ejLposed  by  the  cooling  water  as  it  passes  through  the  l^Tg^  flection  of  the  condenaing  chunber- 
Due  to  the  constricted  neck,  any  aceumuUtion  of  water  rapidly  diminiihls  Ou  coKibiutilt 
surface  until  the  spray  cone  itself  is  submeiaed.  leaving  only  the  small  annular  li™  of  water 
at  AB,  tosct  on  the  large  volume  of  entering  steam.  The  uuface  of  thii  ring  bung  fv  too 
small  to  condense  the  steam,  the  pressure  immediately  rises  canung  the  relief  vbIvb  betweea 
the  engine  and  condenser  to  open  and  allow  engine  to  run  non-condensing,  or  in  the  tbtncr 
of  a  relief  valve  the  exhaust  steam  will  blow  cut  through  the  cooling  water  pipe  and  p.ujij' 
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either  in  the  condenser  proper,  or  in  an  adjoining  and  communi- 
cating chamber,  and  which  upon  flooding  of  the  condenser,  will 
operate  a  valve  and  allow  air  to  enter  the  condenser  chamber 
or  cooling  water  pipe.' 

Pig.  5,640  shows  an  air  admiaaion  vacuum  breaker. 


float  P.  which  ii 


>«  confused  with  ai 
:r  become  disabled 
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PARALLEL       COUNTER  FLOW 


;.  5,641. — Higli  level  or  barometric  etmdenaer;  Parallit  fiamor  ao  called  injector  ti 
"'.  5.612.^HM|fa  level  or  barometric  coodenBer;   ctmnttr  fiov  or  dry  air  pmup  typ 
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High  Level  or  Barometric  Condensers. — An  economical 

and  safe  way  to  remove  the  hot  water  which  results  from  the 
condensing  process  is  to  draw  it  off  by  gravity.  To  do  this  the 
condensing  vessel  is  elevated  to  such  a  height  that  the  column 
formed  by  the  discharge  water  is  sufficient  to  overcome  atmos- 
pheric pressure,  thus  forming  virtually,  a  water  barometer,  with 
a  height  of  34  feet — hence  the  name  ^'barometric"  condenser. 


Fig.  5,641. — Text  cotUinued, 

consists  of  Si  steam  discharge  nozzle,  combining  tube  and  tailpipe  terminating  in  a  hot  well. 
Two  annular  passages  provide  openings  fqr  the  cooling  water  and  exit  to  relief  pipe.  In 
operation,  the  cooling  water  enters  the  condenser  at  A,  and  circulates  around  the  annular 
passage  B.  falling  through  the  annular  space  C,  between  the  outer  and  inner  cones,  forming 
a  moving  cone  of  water  D,  with  a  sharp  vortex.  Steam  enters  at  £,  passing  through  the 
inner  cone  or  nozzle  and  meets  the  water  at  C,  imparting  to  it  what  velocity  it  has  on  being 
condensed.  This  tends  to  force  more  water  through  the  annular  space  between  the  inner 
and  outer  cones.  The  condensed  steam,  water,  air  and  non-condensable  vapors  are  brought 
down  through  the  hollow  cone  of  falling  water  D,  and  the  air  and  non-condensable  vai)ors 
discharged  through  the  contracted  throat  F,  of  the  combining  tube.  Since  there  is  parallel 
flow  of  the  steam  and  water,  air  and  non- condensable  vapors,  the  latter  are  forced  by  their 
own  inertia  to  enter  the  vortex  which  effectiveljr  removes  them .  After  passing  the  throat  F, 
the  combining  tube  expands  to  the  size  of  the  tail  pipe,  thus  reducing  the  frictional  resistance 
of  the  pipe  to  a  minimum.  For  proper  siphoning  of  the  injection  water  the  lift  of  the  supply 
G,  should  not  be  over  20  feet.  Now  if  the  supply  O,  were  very  near  the  exhaust  A,  the 
pressure  tending  to  force  the  water  into  the  condenser  would  be  considerably  increased. 
Accordingly  if  this  condition  obtain ,  or  if  a  pump  be  used  and  not  properly  regulated  the  water 
would  enter  A,  faster  than  it  could  pass  through  the  contracted  throat  F.  and  without  the 
overflow  pipe  the  water  would  All  up  the  condenser  and  probably  back  up  in  the  exhaust 
pipe  and  damage  the  engine.  Hence  under  such  conditions,  an  overflow  pipe  as  shown  should 
be  provided  for  safety.  A  relief  valve  I ,  is  provided ,  permitting  exhaust  into  the  atmosphere 
when  desired. 


Fig.  5,642. — Tevl  continued. 

counter  flow  principal  is  explained  in  flg.  5,637.  As  shown  the  cooling  water  passes  out  to 
the  hot  well  through  the  tail  pipe,  the  steam  inlet  being  34  feet  above  the  water  level  in  the 
hot  well.  Air  and  non-condensable  vapors  pass  out  at  the  top  as  shown,  to  the  dry  air  pump 
which  may  be  placed  in  any  convenient  location.  Since  there  is  no  contracted  throat  in  the 
condenser  an  overflow  pipe  is  not  necessary  as  the  tail  pipe  is  large  enough  to  carry  off  any 
excess  cooling  water  which  might  enter  the  condenser. 


*  NOTE. — If  a  sealed  tube,  say  30  feet  long,  be  filled  with  water  at  the  open  end  and  then 
inverted  so  that  the  open  end  is  immersed  in  a  vessel  of  water,  the  pressure  of  the  atmosphere 
will  support  the  water  in  the  tube  approximately  34  feet  above  the  water  in  the  vessel  and  in 
the  tipper  part  of  the  tube  there  will  be  a  vacuum.  If  more  water  were  admitted  into  the  tube 
at  the  upper  end ,  it  would  have  no  efi'ect  on  the  water  level  in  the  tube  hence  if  the  exhaust  from 
an  engine  be  admitted  to  the  tube  at  a  point  not  less  than  34  feet  above  the  water  level  in  the 
vessel  (known  as  the  hct  well) ,  it  would  be  impossible  for  the  vacuum  to  draw  the  water  over  into 
th,e  engine  cylinder  and  there  would  be  no  danger  of  accident  from  water  reaching  the  cylinder 
unless,  the  cooling  waler  entered  the  condenser  fa.ster  than  it  could  flow  out  without  creating  undue 
back  pressure  in  the  tail  pipe,  as  in  the  case  or  pymping  the  injection  water  at  too  great  speed. 
To  guard  against"  this  some  parallel  flow  barometric  condensers  are  provided  with  an  overfl'^" 
pjpc  to  take  care  of  excess  water,  as  shown  in  fig.  5,641. 
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Pigs.  6.043  sod  5,644.— Typical  high  1c 

installilion,  showing  outside  and  insiae  reiiei  vl.  ..     _  __.   . 

•Bndenser  is  available  where  the  head  of  water  is  not  less  than  20  feet  above  the  ovetflow  pi 
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There  are  two  general  classes  of  barometric  condenser: 

1,  Parallel  flow  or  so  called  injector  t3rpe. 

2,  Counter  flow  or  dry  air  pump  type,  as  shown  in  figs.  5,641 
and  5,642  respectively,  which  illustrates  the  principles  of  opera- 
tion as  explained  under  the  cuts. 

Figs.  5,643  to  5,644  show  barometric  condensers  as  installed 
with  valves  and  piping  necessary  for  their  proper  control. 

Jet  Condenser  Operation. — ^Where  the  air  pump  is  directly 
connected  to  the  engine  i  it  starts  and  stops  with  the  engine  and 
its  speed  is  the  same  or  proportionate  to  that  of  the  engine. 

After  the  engine  is  warmed  up  as  usual  and  ready  to  start,  open  slightly 
the  auxiliary  injection  valve  which  admits  water  under  pressure  to  condense 
the  first  few  strokes  of  exhaust  steam,  since  the  air  pump  has  not  established 
a  vacuum.  Then  open  the  throttle  and  gradually  bring  engine  up  to  speed, 
at  same  time  opening  the  main  injection  valve  and  closing  the  auxiliary 
injection  after.  The  admission  of  water  previous  to  starting  protects  the 
valves  from  the  effects  of  the  heat,  although  when  the  same  are  in  good 
order  sufficient  water  remains  in  the  outfit  to  do  so.  When  running  under 
load  the  vacuum  is  regulated  by  the  opening  of  the  main  injection  valve. 

Shotdd  it  be  necessary  to  run  slow  for  any  reason  the  main  injection 
valve  should  be  proportionately  closed  as  the  speed  decreases  to  adjust  the 
water  admitted  to  the  engine  requirements  and  not  let  it  flood  the  ptrnip 
with  the  liability  of  its  getting  into  the  engine  cylinder. 

When  stopping,  gradually  close  the  injection  valve  as  the  speed  decreases, 
having  same  entirely  shut  by  time  the  throttle  is,  to  allow  the  last  revolu- 
tions of  the  pump  to  remove  the  water.    At  this  time  some  prefer  to  open 


Figs.  6,643  and  5,644. — Text  continued, 

of  the  hot  well.  A  supply  pipe  of  sufficient  size  to  prevent  loss  of  pressure  should  be  used  to 
convey  the  injection  water  from  flume,  penstock  or  tank  up  to  the  condenser.  On  this  pipe 
is  placed,  at  the  most  convenient  point,  an  injection  valve  A,  for  reg^ulating  the  supply  of 
water.  A  proper  screen  or  strainer  with  a  large  number  of  small  holes  shouldbe  placed  over 
the  end  of  this  pipe  in  the  flume  or  tank,  or  a  special  box  strainer  of  ample  size  as  shown  at  B , 
should  be  placed  on  the  pipe.  The  advantage  of  this  form  of  strainer  is  the  convenience  with 
which  it  can  be  opened  and  cleaned.  The  cross  pipe  and  valve  shown  at  C,  is  for  the  purpose 
of  starting  the  vacuum  in  the  discharge  pipe  of  condenser,  and  when  sufficient  vacuum  is 
formed  to  cause  the  water  to  flow  up  the  supply  pipe  and  through  the  condenser,  then  this 
special  valve  C,  is  closed,  and  the  amount  of  injection  water  is  adjusted  by  the  injection  valve 
A.  If  the  head  of  water  should  fall  to  about  10  feet  above  overflow  of  hot  well,  after  the 
vacuum  is  once  formed,  the  condenser  will  continue  to  syphon  its  water  as  long  as  the  vacut'- 
is  kept  up. 
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After  the  spray  valve  is  once  adjusted  for  best  results  it  is  seldom  touched. 
All  regulating  bteing  in  connection  with  speed  of  pump  and  the  injection 
valve.  The  handling  of  spray  valve  may  be  summed  up  as  follows:  When 
it  is  remembered  it  is  usually  the  difference  of  pressure  between  the  outside 
and  inside  of  the  condenser  that  causes  the  water  to  rise  and  enter  same,  it 
vrill  be  readily  seen  that  the  water  has  considerable  pressure  back  of  it, 
and  if  the  dots  in  the  spray  head  be  partially  open,  part  of  the  water 
spurts  out  to  a  greater  distance  than  if  the  head  were  completely  open 
and  thus  more  nearly  fills  the  condensing  chamber,  giving  greater  area  for 
condensing  the  steam  which  is  the  condition  desireo. 

If  the  valve  be  open  too  wide  the  water  simply  rolls  over  the  edges  of 
the  spray  plate,  presenting  less  area,  so  that  the  vacuum  drops  and  the 
condenser  heats  up,  no  matter  how  far  the  injection  valve  is  opened.  A 
wide  open  valve  would  flood  the  condenser,  again  reducing  the  condensing 
area  and  if  the  speed  of  the  pump  has  not  been  changed,  the  increased 
weight  of  water  to  be  handled  will  reduce  its  speed  and  cause  a  still  greater 
loss  of  vacuum,  finally  opening  the  automatic  valve.  So  with  variable 
load  it  is  customary  to  run  the  condensing  apparatus  for  maximum  load 
the  greater  i)art  of  the  time  to  be  ready  for  it  when  it  comes. 

If  the  vacuum  decrease  and  the  speed  of  the  pump  be  about  right,  try 
adjusting  the  injection  valve,  then  speed  of  pump  and  work  the  two 
together.    In  severe  cases  the  spray  valve  might  have  to  be  moved. 

When  shutting  down,  dose  the  throttle  first,  then  the  injection  valve, 
then  after  the  engine  has  stopped  shut  down  the  air  pump,  which  has  now 
had  time  to  remove  the  water  from  the  piping,  condenser,  etc. 

Some  stop  by  shutting  down  the  condenser  valve  and  letting  the  engine 
exhaust  outboard.  When  using  an  independent  pump  it  is  proper  to  run 
it  at  such  a  speed  that  its  action  indicates  slipping.  Slipping  means  that 
the  piston  reverses  so  quickly  at  the  end  of  its  stroke  that  the  valves  in 
the  water  end  do  not  seat  before  the  direction  of  the  piston  is  reversed, 
althoi^  the  steam  end  is  taking  as  great  a  volume  of  steam  as  ^en  the 
speed  is  sufficiently  slow  to  allow  the  water  valves  to  seat  prior  to  the  revers- 
ing of  the  stroke.  At  first  sight  it  might  appear  to  be  wholly  a  loss,  but 
this  is  not  the  case,  as  it  must  be  remembex^  that  in  all  condensers  there 
is  always  some  vapor  and  air  present  and  that  the  motion  referred  to  is 
when  the  greater  portion  of  such  enters  the  pump  cylinder.  If  it  were 
allowed  to  accumulate  by  a  lower  pump  speed;  the  vacuum  would,  of 
course,  be  less. 

Exhaust  Injector  or  Induction  Ck>nden8er. — ^The  operation 
of  this  condenser  is  based  upon  the  same  principle  as  that  of  the 
steam  injector,  that  is,  the  kinetic  energy  of  a  jet  of  steam  escaping 
from  a  boiler  is  greater  than  that  of  a  jet  of  water  escaping  under 
the  same  conditions. 
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A  jet  of  steam  enters  throtigh  the  steam  tube  at  a  high  velocity  and  in- 
duces the  air  in  the  suction  pipe  and  injector  body  to  pass  out  with  it;  this 
leaves  a  vacuum  and  allows  the  atmospheric  pressure  to  force  in  water.  The 
steam  is  condensed  by  this  water  and  the  velocity  of  the  steam  is  imparted 
to  the  water;  then  the  energy  in  the  moving  coltumi  of  water  is  sufficient  to 
overcome  the  pipe  friction,  lift  the  check  valve  and  force  the  water  into  the 
boiler  against  the  pressure. 

The  condenser  shown  in  £lg.  5,646,  however,  has  its  limits  of  operation. 
The  operation,  as  just  stated,  depends  upon  the  velocity  of  the  mscharge; 
it  is  plain  that  when  the  condenser  lifts  its  injection  water,  as  shown 
in  the  figure,  this  velocity  must  be  almost  wholly  imparted  by  the  exhaust 
steam.  Then  if  the  load  on  the  engine  be  variable  or  if  the  condenser  be 
too  large  for  the  engine,  there  will  be  times  when  the  small  amount  of  ex- 
haust steam  furnished  by  the  engme  will  not  be  enough  to  impart  the 
required  velocity  to  the  large  volume  of  water  and  the  condenser  will  not 
operate  satisfactorily.  In  other  words,  the  volume  of  esdiaust  steam  must 
be,  within  limits,  in  proportion  to  the.  volume  of  water  which  it  keeps  in 
motion,  too  little  steam  being  tmable  to  induce  the  flow  of  wat«:  and  too 
much  steam  affecting  the  vacuum.  The  minimum  amount  is  that  which 
will  increase  the  temperature  of  the  water  at  least  30®  F.  and  the  maximum 
amount  is  that  which  will  not  cause  a  rise  of  more  than  50®  F.  in  the  water 
temperature. 

In  cases  where  the  condenser  takes  its  water  under  a  head,  as  shown  by 
dotted  lines  in  fig.  6,646  this  objection  does  not  apply,  for  then  the  velocity 
of  the  water  is  that  due  to  the  head  and  is  independent  of  the  exhaust  steam. 

In  order  to  guard  against  the  trouble  due  to  a  varying  amount  of  exhaust 
steam,  the  condenser  shown  in  fi§,  6,647  has  been  devised.  It  is  called 
the  adjustable  capacity  condenser  m  order  to  distinguish  it  from  the  fixed 
cap^acity  condenser  shown  in  fig.  6,646.  Both  the  condensers  shown  were 
designed,  by  Korting. 

An  inspection  of  fig.  5,646  shows  that  an  atmospheric  outlet  must  be 
provided  for  the  exhaust,  just  as  in  the  cases  of  the  jet,  surface  and  siphon 
condensers.  The  figure  shows  a  special  swing  check  valvjs  for  this  purpose, 
while  on  the  adjustable  capacity  condenser  in  fig.  6,647  is  shown  the  auto- 
matic valve  usually  furnished  with  this  type  of  condenser. 

In  this  condenser  there  is  no  34-foot  tail  column,  and  in  case  the  low 
pressure  cylinder  of  the  engine  acts  as  a  ptunp,  water  may  readily  be  drawn 
up  into  the  engine. 

This  is  prevented  by  the  arrangement  of  the  stop  valve  E,  through  which  the  exhaust 
steam  enters  the  condenser.  The  valve  itself  is  not  fixed  to  the  spindle,  but  is  free  to 
move  vertically  within  the  limits  set  by  the  seat  at  the  bottom  ana  the  collar  C,  on  the 
spindle  at  the  top.  It  thus  allows  steam  to  pass  out  under  it  from  the  engine,  into  the 
condenser,  but  acts  as  a  check  valve  against  the  passage  of  water  in  the  opposite  direc- 
tion or  from  the  condenser  to  the  engine.  It  may  also  be  used  as  a  stop  valve  by 
lowering  the  spindle  until  the  collar  C,  locks  the  valve  to  its  seat.  Since  the  seat  of 
this  vsdve  is  practically  at  the  top  of  the  exhaust  pipe,  it  is  advisable  to  drip  the  pipe 
on  the  en^ne  side  of  the  valve,  as  shown  in  fig.  5,646,  to  prevent  any  accumulation  of 
condensation.  This  drip  may  be  piped  into  the  condenser  as  shown,  with  a  check 
valve  arranged  to  prevent  the  return  of  water  from  the  condense:  to  the  exhaust  pipe 
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Vk^  dt647. — 'Koertmff  adjustable  exbaust  Btesutt  inductioD  condenur* 
■  (Doinble  ma  R,  ioxide  tho  central  water  tube  and  a  i 

annular  ^lace  beCweeD  its  Buiface  uid  tbe  inside  of  the  tube;  while  the  sleeve  S,  by  coveriiig 
more  or  fewer  openings  in  the  tube,  govema  the  ares  of  tbe  eihauat  inlet  snd  oonsequently 
the  velocity  of  tbe  exhaust  steam.  The  relative  positionA  of  the  ram  and  the  sleevo  can  be 
regulated  by  the  exteosioa  rod  K,  so  that  the  machine  can  be  adjusted  for  almost  any  condi< 
tiotiof  load.  Infact»  the  machine  may  be  adjnsCed  to  work  satisfactorily  at  any  point  from 
^  or  Vi  of  its  capodt;?  to  full  capacity;  this  is  particulariy  desirable,  when  the  load  is  TariaHe 
and  the  injection  water  must  be  lifted.  On  the  other  hand,  the  range  of  tbe  &ied  c^iacity 
condenser  is  only  from  about  one-half  capacity  to  full  capacity.  For  high  suction  lifte.  the 
live  steam  jet  or  water  pressure  jet  J,  b  used  to  bring  the  water  to  the  condenser,  and  an 
esG^w  is  provided  through  the  overflow-  valve  O,  just  as  in  the  case  of  the  steam  lAJcctor- 
Thls  startiQ^  jet  and  overflow  valve  are  necessary  oniy  when  starting,  and  may  both  be 
omitted  when  the  suction  lift  is  very  small  or  when  water  is  supplied  under  a  head.  It  will 
be  seen  that  in  this  condenser,  the  condensed  steam  and  tbe  G<mdensing  water  are  mixed 
tfvether,  so  that  the  water  from  the  hot  well  can  not  b«  used  for  boiler  feed  unleas  the  coo- 
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Fioc.  5M8aDdG,6<9. — Wem  higb  le*al  or  barametiK  cmrntcr  Amr  condenaeT.  Tnnc  Jo«ph 
Weill,  of  Bula,  SwiUerlBDd.  began  in  ttu  early  nineties  to  develop  the  posiibilities  of  the 
buometiic  condenar  tor  high  vacuum.  He  culed  attentioa  torattytothe  fact,  that  the 
abaolote  pnMtun  eAUng  in  tke  condenter  mi  the  mm  ot  the  vapoi  pieiaurs  (that  is.  tlie 
iflBHiue  sf  ■team  a*  giveo  br  the  ateun  takl«*  for  the  tempenrtora  of  the  water  content  of 
tbc  amtdnw)  and  crf^the  air  content.  The  absolute  pnasnie  could  not  get  down  to  that  due 
to  the  tampentore,  mccpt  in  the  abienca  of  air,  but  tlia  lowest  i>ie*tun  in  tbe  condenser 
would  be  at  the  cooUit  point,  for  here  the  vapor  preesure  muld  be  anuJlest  and  to  this  p<Hnt 
the  air  mold  tend  to  flow.  HwcoadenwrmiitneTetoTainBdsoathecouiitei-Sowprinciple, 
aashowniiifia:.  S^S.  The  Izusctionwatarenten  at  the  top,  ai  shown,  and  triddsa  down  over 
a  ■aries  of  shelve*  or  bowls,  while  the  dnr  air  liumii  diaw*  (ram  the  iitp.  The  point  of  least 
pieiaiire  will  abviously  be  at  the  top.  and  to  this  point  an/  air  or  vapor  not  condeDscd  at  the 
entry  or  carried  down  into  the  tube  will  make  ita  way,  nicouateiina  coaler  and  cooler  water 
as  it  arises,  until  at  last  only  the  air  or  the  absolutely  noa-condansable  vapor  naches  the  air 
pomp,  and  this  at  the  temperature  of  the  incomiog  coolest  wMcr.  The  sir  is  drawn  off 
throaffb  a  Bepaiator  which  has  a  boroowtric  tube  to  discharge  the  water  which  conies  over 
withuwair.  With  this  airangement  it  is  possible  to  get  the  vacaum.  or  the  ahaohitepiessBre, 
down  to  that  doe  to  tba  temperature,  but  as  this  "ideal  point,"  as  the  inventor  terms  it,  is 
reached,  the  wateris  apt  to  rise  and  pass  out  by  tbc  air  pipe  St  the  top,  aasbownin  fig.  5fiw. 
Inotherwords,  the  c^idenser  reverses  itself  and  becomes  a  parallel  now  instead  of  a  counter 
flow  qipantoi,  and  having  once  estsblished  itself  in  this  way  it  will  continue  to  run  so  until 
tbe  coDdenser  B  stopped  ud  itsrted  averBssin  right.  In  order  to  do  this  automstically,  a 
pail  P,  is  suspended  so  as  to  receive  the  flow  from  the  barometric  tube  of  the  separator.  This 
pail  has  an  outlet  in  its  bottom  sufficiently  Uise  to  discharge  the  normal  flow  as  fast  as  it  is 
received,  but  when  the  condenser  reverses,  ana  the  water  comes  in  large  quantities  the  pail 
fills,  overeomes  the  wdsht  at  the  other  end  of  the  lever,  and  tuna  tho  coclc  C,  conneddng 
the  chamber  into  which  the  incoming  steam  is  dischaiged  with  the  barometric  leg  of  ''^  ~ 
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ff^ijEcr/ON  rfiOf<f  ^iMf/^  soppi  y  Aex^ 
Of?  Sifv^oNeo 

Pig  5,650.— ^rypical  high  level  or  barometric  condenser  connection.  In  operation,  whether 
it  be  necessary  to  stop  the  engine  to  build  up  the  vacuum  depends  upon  conditions,  but  usu- 
ally the  vacuum  may  be  built  up  with  the  engine  running.  If  the  condenser  be  not  of  proper 
size  or  have  air  leaks  in  the  pi|)ing,  if  there  be  an  irregular  supply  of  injection  water,  or  the 
load  come  on  before  the  engine  is  up  to  speed,  or  with  a  long  run  of  pipe  between  condenser  and 
cylinders ,  it  may  be  necessary  to  stop  the  engine .  Then  build  up  as  high  a  vacuum  as  possible 
and  start  the  engine.  When  the  vacuum  is  lost  with  the  engine  canying  load,  when  all  has 
been  well  up  to  this  time;  the  trouble  will  usually  be  found  due  to  some  trifling  cause  which, 
when  removed,  allows  the  vacuum  to  build  up  to  normal.  Disregarding  general  pump 
troubles,  poor  vacuum  or  total  loss  of  vacuum  may  be  caused  by  any  one  of  the  following 
causes:  The  strainer  may  be  clogged  on  the  injection  pipe,  reducing  the  flow  of  water. 
The  relief  valve  cap  has  a  rubber  packing  ring  which,  due  to  the  clapper  being,  allowed  to 
hammer  on  its  seat,  soon  leaks  and  ought  to  be  renewed.  These  valves  otight  to  be  water 
sealed.     If  they  leak,  and  usually  they  do,  the  sealing  water  may  be  cut  off  so  that  they  are 

Figs.  5,648  and  5,649.— r«c/  continued. 

separator,  which  equalizes  the  pressures  and  reverses  the  action,  turning  the  condenser  bade 
into  a  counter-current  C.  Particular  stress  is  put  by  Weiss  upon  the  fact  that  the  advantage 
of  the  counter-current  condenser  lies  not  in  the  reduction  of  the  volume  of  the  air  to  be  pumped 
by  securing  the  greatest  possible  reduction  of  temperature,  although  that  is  an  advantage, 
but  in  the  fact  that  by  maintaining  the  point  of  lowest  temperature  at  the  intake  of  the  dry 
air  immp  he  establishes  a  definite  and  x>ositive  flow  of  air  to  that  point,  so  that  the  pump 
draws  air,  not  steam  vapor,  and  all  the  air  is  taken  out. 
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CLASS  2:  SURFACE 
CONDENSERS 

As  distinguished  from  jet  condensers,  the  surface  condenser 

J 


Pigs.  a,0Sl  and  S.eS2.— Method  oE  gel 
-  otdsr  tbtit  the  condenute  will  drain  in 

'  vAoium.  Bnd  one  usually  overloolCBd  i ,.._ ^ 

.  -....1.-3  ._  .1..  1 — 1  _i...    :.  1 ..J  -. :l — jjjy  in„j,  i^^]  by  ny 

(fDmuBgpt^of  the  caitinB)wluch  forms  a  tistat  joint  oa  shown.     With  thiA  arrani 
miction  tbIvb  is  at  the  loweit  level  ot  the  return  pipe  thuc  Mcuiing  the  ideal  worl 


Pn^cned  airangenieiit  for  steamer  Slornowat  II. 


not  eealed.    Of  course,  the  atuffing  botes  on  the  engi 
to  have  proper  attention  and  be  kept  tight.     The  i 

when  required.    The  trap  and  drain  valves  which 

Care  must^  taken  to  see  that  the  ttulRng  tx— 

• 11  be  difficult  fo 


regular  mann 
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may  be  defined  as  a  device  for  condensing  steam  in  which  the  steam 
and  cooling  water  do  not  come  into  contact  with  each  other ,  but  are 
separated  by  meted  surfaces. 

The  suiface  condenser  was  first  employed  by  James  Watt,  but  was  dis. 


5IOt  OF  BOAT 


NO  ORAfNAGE 
BETWttN 
veL5AAN0B 


REAR  HEAO 

FORWARD  H£AD 

DOWN  PITCH  FOR  DRAINAGE 

RtTURN  PIPE 

Pio.  6,653.— Section  through  steam  launch  Stomowau  I,  showing  faulty  installation  of  keel 
condoraer.  With  the  necessarily  high  elevation  of  the  air  pump  the  condenser  will  not 
drain,  henoe  tn  operation,  the  attempt  of  the  air  pump  to  produce  a  vacuum  in  the  con- 
denser is  opposed  by  the  xesistanoe  due  to  a  ocdumn  ol  wata*  mioae  height  equals  the  dimen- 
sion BA.  For  example,  if  the  temperature  of  condensate  be  100*  Pahr.,  the  maximum 
vacuum  possible  is  28  ins.,  and  further  if  the  column  of  water  in  suction  pipe  between 
levels  B  and  A,  be  1  ft.,  it  will  o£fer  a  resistance  of  .48  lb.  per  sq.  in.  which  is  equal  to  .87  in., 
thus  reducing  the  vacuum  from  2^  to  28—  .87  *27.13  ins.  tn  the  condenser.  This  vacuum 
is  further  reduced  by  1 ,  the,  inefficiency  of  the  pump  2,  iriction  of  tiie  condensate  en  imite 
to  ptmip,  and  3,  the  non-draining  feature  which  causes  spasmodic  flooding  in  the  return  pme. 
Hence,  in  practice,  if  a  28  in.  vacutun  were  aimed  at  under  the  above  conditions,  probably 
not  more  than  24  or  26  ins.  would  be  obtained^  and  accordini^y  the  importance  of  arransipg 
the  apparatus,  as  shown  in  fig.  6,651.  so  as  to  reduce  these  losses  to  a  minimum.  The 
importance  of  this  is  further  emphasized  by  an  experience  cA  tHe  author  with  an  independent 
air  pump  C  (shown  in  dotted  Imes)  located  at  a  nigh  level,  and  connected  to  the  condenser 
by  a  suction  line  having  a  multiplicity  of  elbows.  With  this  faulty  rig  only  about  15 
or  16  ins.  of  vacuum  comd  be  obtained. 

missed  by  him  on  accotmt  of  the  cumbrptis  nature  of  his  apparatus,  and 
its  use  was  not  revived  tmtil  1835. 


Outboard  or  Keel  Ck>nden8er8, — ^About  the  simplest  form 
of  surface  condetoser  is  the  keel  condenser,  which  is  the  usual  type 
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fitted  to  steam  launches,  as  in  small  boats  the  inboard  condenser 
would  take  up  considerable  room  and  add  considerable  extra 
weight  beside  requiring  a  pump,  to  circulate  the  cooling  water. 

It  consists  of  a  brass  or  copper  tube,  or  several  tubes  attached 
to  the  hull  outside  below  the  water  line  and  running  fore  and  aft 
near  the  keel  (henpe  the  name  keel  condenser).*  The  exhaust 
from  the  engine  enters  at  one  end,  is  condensed  by  the  cold 


V  RETURN  PIPE. 


FORWARD 
H£AD£R 


TO  AIR  PUMP 


Pic».  6,654  to  5,657. — Construction  detcdis  of  keel  condenser  of  steam  launch  Stomowt^  JT. 
The  heads  are  provided  with  stuffing  bojces  for  the  tubes,  and  in  addition  the  forward  header 
has  an  additional  outlet  tapped  with  %  pipe  tap  for  the  rettim  to  air  pump,  the  return  being 
standard  weight  brass  pipe.  A  special  efbow  with  flange  for  fastening  to  htill,  passes  through 
the  planking  and  is  secured  on  the  inside  by  a  washer  and  nut.  The  return  pipe  is  f astenSra 
to  the  elbow  by  long  screw  and  lock  nut  joint. 


water,  and  drawn  out  oi  tne  other  end  by  the  air  pump.  This  is 
a  very  simple  arrangement,  since  no  pump  is  needed  to  circulate 
the  cooling  water.  The  passing  of  the  boat  through  the  water 
takes  the  place  of  a  pump  for  this  purpose. 

*NOTB. — ^A  form  of  keel  condenser  known  as  bastard  condenser,  is  sometimes  fitted  to  canal 
boats  and  other  non-descri^  vessels.  It  contUtM  of  the  ordinary  keel  condenser  with  outlet 
open  to  atmosphere  and  high  enough  to  drain  into  the  hot  w^.  Such  makeshift  apparatus 
operatini  wUhaiU  vacuum  is  inexcusable. 
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The  important  point  about  keel  condensers  is  that  the  tubes 
and  return  pipe  mast  be  inclined  so  that  the  condenser  will  draw 
toward  the  air  pump;  otherwise  it  would  flood  and  fail  to  produce 
a  good  vacuum. 

This  point  has  been  explained  and  emphasized  on  page  3,132.    The  gen- 
eral construction  of  a  keel  condenser  is  shown  in  figs.  5,654  to  5,657.    Thi« 


EXHAUST  END 
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Figs.  5,658  and  5,659. — Ordinary  keel  condenser  made  of  standard  pipe  and  fitttngs.  Fig. 
5,658,  assembly  on  boat;  fig.  5,659,  construction  detail.  The  exhattst  should  be  piped 
through  the  hull  at  M,  very  near  the  water  line  so  that  there  will  be  as  much  pitch  as  pos- 
sible between  M,  and  S,  as  it  should  be  remembered  that  thorough  and  quioc  drainage  is 
very  important  in  keel  condensers. 

is  the  best  construction,  though  rather  expensive.  For  an  ordinary  job  a 
condenser  can  be  made  of  ordinary  standsuxl  weight  pipe  as  shown  in  figs. 
5,658  and  5,659. 


Inboard  Surface  Condensers. — ^The  name  inboard  is  here 

applied  to  distinguish  the  ordinary  form  of  smf ace  condenser 

from  the  keel  type.    The  modem  surface  condenser  is  formed 

"  small  brass  tubes,  usually  ^  inch  to  54  inch  diameter  and  5 
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to  10  feet  long.  The  common  arrangement  is  to  place  the  tubes 
horizontally  in  a  cylindrical  or  rectangular  box  and  to  admit  the 
water  in  at  the  bottom  and  the  steam  at  the* top.  The  best 
practice  is  to  bring  the  water  through  the  tubes  and  the  steam 
outside,  as  shown  in  fig.  5,660.  The  heat  is  thus  drawn  from 
every  direction,  indicated  by  the  arrows,  and  absorbed  by 
the   rapidly  moving  cooling  water.     This  water  is  generally 


Fig.  S,a80,T*ection  through  condenser  tube 
water  passing  through  the  tubes  and  Eteam 
culate  the  water  through  the  tuhes  as  here 


ting  the  actic 
!.  The  ahnosl 
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tubes  are  placed  inside  of  large  01 
returns  through  the  outer  tubes,  a 
into  air  pump.  This  type  was  eil 
'-  ■"--  -jrevailing  practice, 


3  ISae).     In  coRitn 
paases  thraudi  the  in 
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called  the  circulating  watery  and  its  circulation  through  the  con- 
denser is  maintained  by  a  pump  called  the  circulating  pump. 

The  water  formed  by  the  condensed  steam  and  the  accumu- 
lating air  are  drawn  away  by  a  similar  pump  called  the  air  pump. 

Whether  the  cooling  water  or  the  steam  flows  through  the 
tubes  is  the  distinguishing  mark  between  the  two  general  t3rpes 
into  which  surface  condensers  are  divided. 


In  the  one  t3rpe,  known  £ls.the  standard  surface  condenser,  the  water 

t)<.HAUST  STEAM  INLET  WATER 

OUTLET  ^ 


HANOHOLE 


HAN0HOLE5 


CONDENSED  STEAM    HANDHOLE 

OUTLET  WATER  »NLE" 


Pig.  5.662. — Single  tube  standard  condenser.  In  conBtruciion,  the  tubes  are  commonly 
made  $)C  inch  outside  diameter  of  solid  drawn  brass  tinned  on  both  sides.  To  allow  unequal 
expansion  of  the  shell  and  tubes  screwed  glands  and  stuffing  boxes  are  provided;  these  are 
packed  with  cotton  cord  ot  corset  lacing.  The  tube  sheets  or  plates  to  wnich  the  ends  of  the 
tubes  are  attached  are  of  brass  and  usually  from  1 .1  to  IH  times  the  diameter  of  the  tube 
in  thickness.  The  type  of  joint  determines  the  thickness.^  With  screwed  glands  a  thinner 
plate  may  be  used  than  when  the  packing  extends  through  it.  Usually  the  tubes  are  spaced 
in  a  zigzag  manner,  pitched  from  1 .5  to  1.7  of  their  diameter  on  centers.  The  tubes,  plate, 
ferrules,  nuts  and  washers  should  be  of  brass  to  prevent  corrosion.  The  shell  is  generally 
made  of  cast  iron;  no  wrought  iron  should  be  used  when  the  parts  are  exposed  to  the  distilled 
water. 

flows  through  the  tubes  while  the  exhaust  steam  flows  over  the  outside 
surface  of  the  tubes  and  is  there  condensed.  In  the  second  type,  known  as 
the  water  works  surface  condenser,  the  water  flows  over  the  outside  of  the 
tubes  white  the  steam  flows  through  and  is  condensed  within  them.  The 
latter  type  is  a  special  type  and  is  used  for  the  special  conditions  usually 
found  only  in  water  works  pumping  stations. 
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The  surface  (»ndeti&er  permits  th^  use  of  impure  or  salt  cooling 
water  without  bringing  same  into  contact  with  the  condensate, 
hence  the  condensate  is  available  for  use  as  boiler  feed.  For  this 
reason  the  only  type  oi  condenser  that  can  be  used  for  marine 
service  on  salt  water  where  the  condensate  is  to  be  used  as  feed 
water,  is  the  surface  condenser. 

Pigs.  6,662  and  5,633  ahovf  the  general  construction  of  Htngle  and  double 
tube  condensers.    Tb»  condensing  chamber  is  made  of  cast  iron  and  usually 


Fic.  S.flSS. — Double  tuba  itandard  condensei.  The  tubes  are  secured  at  one  end  only  beins 
fm  to  enpond  and  contract  Bt  the  other  end.  The  iUnitratioa  Bhows  the  couise  of  the  cootiHB 
water,  first  through  the  inner  tubes  and  then  through  the  aainubr  ^laees  between  the  innei 

BUptXMted  above  the  pumps,  where  independent  pumps  are  tised  as  in  flg. 
6,663.  Here  the  water  or  circulating  pump  is  shown  at  the  right  and  the 
air  pump  at  the  left.  The  air,  water,  and  steam  pistons  are  attached  to  a 
common  rod,  with  the  steam  cylinder  in  the  middle,  as  shown.  Exhaust 
Eteam  enters  the  chamber  at  A,  where  it  strikes  a  baffle  plate,  which  serves 
to  distribute  it  over  the  cooling  surface  and  also  to  prevent  its  cutting  the 
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the  air  and  non-condensible  vapors  through  the  outlet  B,  to  the  air  pump. 
'  Space  should  be  left  beloir  the  lower  tubes  so  that  the  water  of  condensa- 
tion cannot  come  in  contact  with  them  and  thus  become  chilled.  The  cir- 
culating or  cooling  water  enters  through  the  inlet  C,  into  the  chamber  E, 
traverses  the  inner  and  outer  tubes  into  the  chamber  F,  thence  throi^ 
openings  into  G,  then  through  the  upper  group  of  tubes,  and  is  discharged 
through  the  outlet  H. 

In  the  single  tube  type,  fig.  5,662,  the  cooling  water  enters  at, 
A ,  being  directed  by  the  bafile ,  passes  through  the  lower  group  of 


Fks.  fi.6M  and  G.665.— Stuffing  boxes  for  lacs  paddim  for  the  tabs  ends.    This  reQuini 
iec«uia  ths  tube  plate  around  each  tube  openiog  tapped  for  reception  of  a  laeiRd  o^jid  tb 
«iiAdniiiw4-^tubeeiid,compreiainff  the  paddog  into  th«  bottom  of  the  recess.    Ittssioiiidf 
agboi.    The  outiide  and  of  the  )Wid  is  (ometinKS  contmcted,  thus  prevcoti 


1  tube  ctswIiDB  out  of  the  tube  pbte*.    The  gtand  packing  u  expenst'. .  . 

tadionstomaln.batprovetjntheend  thenioatdunbleandlastinsvaiieC7.   ^ 

-i^;_.  .1 J ■- always  retidi' for  operatioii,  even  sfler  long  Uyinjiui 

r II — ri 1,  thick  en 1-*- -« — a jl — ^- 


fjates  are  now  almost  univenallr  of  braia.  thick  enough  to  affOid  &  good  bearing  for  the  t 
■nd  their  pucldng.  and  Btrong  enough  to  Btsnd  the  eicess  pressure  i^  the  stmosphen  wit! 
deBectkin.    For  Urge  tube  plates  etayx  may  be  secessaiy  to  bccutd  the  needed  lii^tr. 


tubes   to  Chamber  C,   thence   through  upper  group  ol  tubes 
D,  and  out  through  E. 

The  spacing  of  the  tubes  is  important  with  respect  to  the 
efficiency  of  the  cooling  surface. 

The  old  conception,  which  regarded  a  condenser  merely  as  "a  box  full  of 
tubes,"  resulted  in  the  construction  of  condensers  with  tubes  so  closely 
spaced  as  to  seriously  impede  the  flow  of  the  steam. 
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In  a  properly  designed  condenser  the  pressure  drop  from  the  exhaust 
steam  inlet  to  the  air  pump  connection  is  v«ry  slight,  whereas  in  a  poor 
design,  it  niay  amount  to  an  inch  or  more  of  vacuum. 

The  shell  of  all  condensers  must  resist  the  excess  pressure  of 
the  atmosphere  above  the  vacuum,  and,  for  this  purpose,  must 
be  tight  and  rigidly  strong. 

It  is  usually  of  cylindrical  sect: 
jnust  be  sUffeoed  by  ribs  to  prevent  collapse. 


Pis.  Bfiea  to  S^SaS. — Thne  >tyl«  of  icnw  aluid  Cor  pvJdiis  tl: 


Pigs.  5.669  Uld  5.670.— Details  of  wooden  Ceimles  for  condenser  tube  end  packing.  The  wood 
consists  of  a  small,  soft,  wooden  sleeve,  whicb  is  pushed  into  the  emooth  hole  of  the  tube 
[jat«.  over  tha  tube  end.  in  a  comprsued  condition.  Aftei  being  wet  by  the  steam  and 
water,  it  swells  considerably,  thus  clsmping  the  tube  tightly  on  the  inside,  which  pressing 
stronely  against  the  tube  plate.  Outside  of  the  tube  plate,  where  free  to  swell,  it  should  fom 
a  slight  collar  around  the  opening.  With  sufficient  previous  compression,  the  wood  sleeve 
proves  amply  able  to  preserve  a  tight  joint.  It  has  the  advantage  of  being  cheap.  Besily 
made  and  quicldr  appOed,  but  it  is  apt  to  give  trouble  after  the  oondeoser  has  been  laid  up 
for  a  long  pennl . 
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Fig.  5,671. — ^Built  in  contra-flow  surface  condenser  with  direct  connected  Edwards  air  pump. 
The  condenser  is  built  into  the  frame  work  of  the  engine  as  shown.  The  condensing  tubes 
are  arranged  in  compartments,  as  shown.  The  steam  coming  from  the  engine  cylinder  folbws 
the^path  indicated  by  the  arrows  through  the  upper  nest  of  tubes  in  an  even  flow  over  the 
entire  length  of  each  tube,  and  at  right  angles  tct  them'.  As  the  steam  reaches  the  upper 
tubeless  chamber  it  reverses  its  direction  of  flow,  because  of  the  upper  baffle  plate,  and 
passes  over  the  second  bank  of  tubes,  reversing  again  in  the  next  lower  tubeless  chamber  and 
passing  over  the  third  and  lowest  nest  of  condensing  tubes.  ^  As  the  tubeless  chambers  have 
ample  area,  the  change  in  the  direction  of  the  flow  of  steanti  is  not  sudden.  From  the  lowest 
nest  of  tubes  the  water  of  condensation  passes  to  the  air  p'Ump,  changing  its  direction  of  flow 
for  the  last  time  in  the  tubeless  space  in  the  bottom  of  the  condenser  base.  By  this  successive 
passing  of  the  steam  over  all  the  tubes  in  one  compartment,  arid  again  being  uniformly  dis- 
tributed in  the  tubelesschambers  already  referred  to.  each  tube  is  made  to  do  a  proportionate 
amount  of  work.  The  efficiency  of  the  tubes  is  also  increased  because  the  steam  in  zigzaging 
down  over  the  several  nests  of  tubes  increases  its  distance  of  travel,  which  increases  the  effi- 
ciency of  the  condensing  surface.  The  cooling  water  enters  the  lower  nest  of  tubes  A,  and, 
{Missing  through  the  horizontal  cooling  tubes,  reverses  its  direction  of  flow  at  the  other  end 
and  returns  through  the  nest  B,  reversing  again  and  passing  through  the  nest  C,  to  the 
other  end  of  the  condenser  where  it  again  reverses  and  returns  through  nest  D.  The  cooling 
water  is  then  discharged  from  the  condenser.  Accordingly  the  hottest  water  and  hottest 
steam  are  brought  in  contact  with  the  cooling  tubes  at  the  top,  while  the  coldest  water  and 
coldest  steam  are  brought  in  contact  with  the  cooling  tubes  at  the  bottom.  Each  baffle  plate 
carries  off  the  condensate  from  the  tube  nest  above,  hence  the  condensate  does  nol  have  to 
U  over  all  the  tubes  and  accordingly  the  efficiency  is  increased. 
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ftcs.  fi,fl73  and  S.673. — Setlian*  tlirouEh  coirtra-So»  huilt  in  condenier  tHustrstmy  ami 
chHnbfT  opentiofi.    In  ordmr  that  this  air  pump  may  eittnct  th«  Btcateit  quantity  of 

denser,  for  to  remova  a  given  waight  of  air  it  ianeeejsary  to  remove  Ihe  vapor  with  which  1 
aif  ia  Diusd.    In  Uill  imtsncs  a  coolins  chamber  has  b«en  iiicor;>oratHl  in  thg  d«^n  of  t 

highest  vacuum,  the  entire  feed  water  can  be  cooled  down  before  PHSsing  into  the  air  pun 
On  the  other  hand,  when  it-- ^----'- ^— ^- .  »-^-i..i.:-v  .u .  .«., .^ 


:  effective  capa- 
[hthB 
valve-    This  is  made  possible  by  the  legu 
[ons;  the  condensing  waterfirst pastes Ihroui 

^„,„ , ^ „ ^jcated  the  lemilatinir  vahm:  it  then  nauHth 

diviain  Y,  nod  finally  retuma  through  Z 


valyoV.__lnH.«iBe 


air  pump.    The  condensate  may  be  passed  direct  to  the  air  pump  or  through  Ihi 
means  of  the  cooler  regulating  valve-    This  is  mode  possible  by  the  legula-tini 


[visions;  the  condensing  water  first  pastes  through  the 
L^Jocated  the  Tegulatins  valw;  it  ^hen  pastes  thT1>ugh 
1 Z  to  the  outlet..'  JFf<fht<  armgement  81'  regulating 


the  water  of  condensation  and  cooling  water,  the  highest  temperature  of  feed  wati^  under 
any  given  condition,  and  the  ability  to  maintain  the  inoat  economical  vacuum  at  all  seaions 
of  the  year,  may  be  attained;  at  theaame  time,  the  power  efficiency  of  the  engine  may  alio 
.  .  _  T_.. ! !.__  ._j_j  . u —  .1..  J . — cuom  coniidenbly  aboTB 
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Frequently  surface  condensers  are  built  into  and  form  part  of 
the  framing  and  the  bed  plate  of  the  engine,  as  shown  in  fig. 
5,671,  in  which  case  the  shell  has  facings,  lugs  or  flanges,  for 
attachment  to  the  other  parts  of  the  framing. 

Where  the  condenser  is  independent,  lugs,  brackets  or  flanges 
must  be  provided  for  secure  attachment  to  suitable  foundations. 
The  inside  space  is  subdivided  by  baffle  plates  to  guide  the  steam 
in  its  course  over  the  tubes,  as  in  fig.  5,674,  the  three  pass 
arrangement  giving  a  counter-flow  in  the  upper  pass. 


Fig.  G,671. — C(BiM»--;I<iii' coadenaei.    /n  tJila  «TBn#ain«i(  the  Iteam  flom  psnllel  wit 

cooling  vater  u  indicated  br  the  onows.    The  baffle  pUte)  cause  the  entering  f * 

in  ft  direction  ivnllel  with  the  upper  condenfiioff  tubes;  when  strikinff  the  end  ui 

body,  the  direction  of  flov  is  revBTBedj  this  operation  betcg  tepeated  oa  ofttm  aa  tlauc  »v 
bade  plates. 

Condenser  Tubes. — These  are  generally  made  of  solid  drawn 
brass  and  are  tested  both  by  hydraulic  pressure  and  steam.  They 

are  turned  both  inside  and  outside.  The  standard  sizes  are -^  in. 
and  %  in.  outside  diameter.  No.  18  stubs  gauge  in  lengths  of  12. 
14,  16,  18  and  20  feet. 

The  Admiralty  specify  that  tubes  be  made  of  70  %  of  best 
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selected  copper,  and  to  have  10  %  of  tin  in  their  composition, 
the  tubes  to  be  tested  to  a  pressure  o£  300  lbs. 

According  to  Whitham,  the  velocity  of  flow  of  the  circulating 
water  through  the  tubes  should  be  between  the  limits  400  and  706 
ft,  per  minute.  As  given  by  Marks,  the  minimum  allowable 
spacing  of  tubes  is  as  follows: 

Outside  diameter  of  tube,  ins H  H  J^       I  IK 

Pitch  of  tubes,  ins H6       if^        ^H       ^H        IH 

Number  of  tubes  per  sq.  ft.  erf  plate  189        147        106         88  63 


Pig.  5,ST5.~Whecler  water  nrorla  condensei.    Ths  ccmdeDang  water  passa  through  the  shell 
L4  question  of  aconoruy  iu  the  usa 

IT  of  ths  ^ 

afthoBtanosracon- 


t9  beintf  to  provide  the  proper 


S^e  air  pump. 

The  Goollt^  Surface. — According  to    Seaton,    in  practice 
with  the  compound  engines,  brass  condenser  tubes  18  B.W.G 
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1- 


(stubs)  thick,  a  condensation  of  13  lbs.  of  steam  per  sq. ,  ft. 
per  hour,  with  the  cooling  water  at  an  ii|itial  temperature  of 
60**  is  considered  fair  work  when  the  temperature  of  the  feed 
water  is  to  be  maintained  at  120°. 

In  general  practice  the  following  holds  good  when  the  tempera- 
ture of  the  sea  water  is  about  60°. 

Terminal  pressure,  lbs.  abs.  ...  30    20        15  -     vl2H     10        8        6 
Sq.ft.  cooling  surface  per  I.H.P.    3      2.5      2.25      2  1.8     1.6     1.5 

For  ships  stationed  in  the  tropics,  the  allowance  should  be 
increased  20  %;  for  ships  stationed  in  cold  climates  10%  less 
suffices  (Seaion). 


Figs.  6,676  and  6,077. — Detail  of  double  tube  of  double  tube  condenser  showing  flow  of  thd 
cooling  water  through  the  tubes. 


CONDENSER  PUMPS 

The  ordinary  low  level  jet  condenser  requires  only  one  pump 

(erroneously  referred  to  as  air  or  vacuum  pump)  which  removes 

the  cooling  water,  condensate,  air  and  other  non-condensable 

vapors,  whereas  two  pumps  are  required  for  a  surface  condenser, 

;  one  to  circulate  the  cooling  water  and  one  to  remove  the  con- 

ll   densate,  air  and  other  non-condensable  vapors,  the  latter  being 

/    called  the  wet  air  pimip  as  distinguished  from  the  dry  air  pump 

i    which  removes  the  air  and  non-condensable  vapors  only,  a^ third 

ptunp  being  required  to  remove  the  condensate  and  known  as  the 

hot  well  pump.    Dry  air  ptunps  are  used  especially  where  a  high 

"acutun  is  required  as  with  turbines. 
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Jet  Condenser  Pumps. — The  ordinary  direct  connected 
double  acting  horizontal  piston  pump  is  generally  used  for  jet 
condensers,  although  on  some  side  wheel  jet  condensing  steamers 
a  vertical  pump  is  used.  The  pump  is  practically  the  same  as  a 
wet  air  ptimp  used  on  surface  condensers,  differing  chiefly  in 
size.  Now  since  the  jet  condenser  pimip  must  handle  everything 
that  must  be  pimiped  out  of  the  condenser,  in  order  to  determine 
its  size,  it  is  necessary  to  calculate: 

1.  Amoimt  of  steam  to  be  condensed. 

2.  Amount  of -water  required  to  condense  the  steam. 

3.  Amotint  of  air  and  other  non-condensable  vapors  to  be 
removed  from  the  condenser. 

Each  pound  of  injection  water  will  absorb  from  the  steam  to  be 
condensed,  a  number  of  heat  units  equal  to  its  rise  in  temperature 
in  passing  through  the  condenser,  and  the  number  of  heat  units 
to  be  taken  out  of  each  pound  of  steam  to  cause  condensation 
will  be  equal  to  its  total  heat  less  the  heat  in  the  resulting  con- 
densate, that  is, 

^       ...      r»   •    X'  J.       totalheatof  steam— heat  in  condensate 

Quantity  of  injection  water  =  -: : — r t-r— : — t- t- 

rise  in  temperature  of  mjection  water 

or  using  the  usual  symbols, 

Q=!5 ■■ <" 

in  which 

H  =  total  heat  in  one  pound  of  the  steam. 

A  =  heat  in  one  pound  of  the  condensate. 

^= temperature  at  which  the  injection  water  enters  condenser. 
T = temperature  at  which  the  injection  water  leaves  condenser. 
Now,  evidently,  since  the  pump  must  handle  both  the  injection 
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water  and  the  condensate,   the  total  amount  of  water   to  be 


in  which 


FEED   PUI 
AIR   PUh 


ho.  5,678. — Recr  end  view  of  maiinB  engim  showing  vertical  sir  Bud  feed  pumpi 

cron  hsAd  of  the  eosiDe,    The  walldng  beams  transmit  the  lame  number  of  n.  ,    .   .. ._ 

but  TcducQ  the  atrokeoE  thepumpa  hy  a  shortening  of  the  lever  cm  one  aide  of  the  fafcrum. 
Tile  beams  are  built  up  of  steel  plates,  oast  iron  bosses  and  center  sleeves,  with  steel  or  iron 
shafts  and  pins.  The  fulcrum  pras  rest  in  mbstantial  benringa  on  the  fismiog  or  foundation 
vhilo  the  end  pins  carry  Huspension  or  connecting  rods,  for  connecting  to  the  BTigine  and  pump 
cnna  heads  or  trunk  pins.  Thm  polnim  In  fmvor  of  direct  connected  pumps  are:  1,  the 
_!. r  _i^  Bt£^p^  cylinders,  with  their  woridng  and  tzansmittjng  gear  and  muUiplidty  of 


Q'  =  total  weight  of  water  entering  condenser. 
W— Weight  of  steam  to  be  condensed  in  lbs. 
Water  contains  mechanically  mixed  with  it  i/m  or  5  %  of 
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its  voltune  o£  air  at  atmospheric  pressure.  If  P  •=  atmospheric 
pressure  and  />  =  absolute  pressure  in  condenser,  then  a  cu. 
ft .  of  water  when  it  has  entered  the  condenser  is  represented  by 
.95  of  a  cu,  ft,  of  water  and  .5XP-^f  of  a  cu.  ft.  of  air. 

Now  if  Q"=the  total  volume  of  water  entering  the  condenser 
per  minute,  Ti,  temperature  of  the  condenser,  Ti,  temperature 


id  G.SSO. — Bdwards  sin^la  sctine  iM#ii{»  Tsrtieil  vet  air  pump,    

Liton  st  the  low  point  of  Its  stroke  uncovers  porta  in  thecylmderwalls,  whjchfon 
Ive;  tlie  only  otn^r  valves  are  the  discharBQ  or  head  valves,    /n  operation  tt 


basaof  Gimilar  shape.    Upon  the  descent  of  the  bucket  piston  "slaps''  the  accumulatioti  of 
water  in  the  bottom  of  the  cylinder  giving  it  an  impulse,  and  the  momcnturn  ^thua  BcQuiicd 

djate]^  After  the  rising  piston  closes  the  posts  and  caniea  the  water  and  air  up  with  it.  tiin^ 
charginc  through  the  head  valves.    The  arrangement  lends  itseK  to  high  speeds  i 


m  of  the  ordinaiy  t> 


of  the  cooling  water  (before  entering  condenser),  then  .95XQ"  = 
volume  of  water  to  be  pumped  from  condenser  per  min .  and 

=  the  quantity  of  air; 


p    Ti+461'' 
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, _-,. a  btoo»e  valve  ■ 

l^ovukm  It  inul0  for  adjusting  thu  rod ,  whereby  th 
lis  Gatoimuth  valve  is  quite  nmilar  in  practice  ti 


of  the  vajve 

thenlocked.    TTiBvalvBi 

which  hold«  them  aEHiost  the  eeatt 
red  tendon  can  be  put  on  the  valvefl, 
hair  apnug  io  a  watch;  both  equally 


fieature  ^  the  Gutennuth  u  the  fact  that  la  tnay  be  ■ 

the  matauli  l^„  the  elaaticity  of  the  entire  length 

service  and  without  friction,  ineuringpoiitive  "^' ■''""   '-'' 

win  always  -^ "  --  — =^~' • ■■ 


IS  of  times.    The 


io  its  original  iwsition  oi 


„ any  angle  with- 

. the  coil  it  plated  intff 

I  without  guides  or  ffuaids,  as  the  valve 
Iveaeat.   ^ith  the  bfting  fRxa  its  teat 

.-, .  _ , -■  ..  juiahts  it  from  all  other  valves.    Thii 

^„^^^  ^^ ,„  -_  the  tmooth  and  silent  operation  of  the  valve.     Another  advantage  at  4?l»imffl1 

of  t^  Gutennuth  valve,  at  compared  with  the  ordinary  type  of  valve,  is  the  fact  that  no 
taming  of  the  cumnt  takes  place  and  no  eddies  are  toimed,  air  and  water  pstaing  througb 
the  pcfft  without  deflection  at  shown  on  Sg.  0,684. 


Pw.  8,686.— Valve  deck  of  a  Mullan  ait  punlp  with  Gutermuth  valves  doted. 

1*105.  SfiSO  and  5,687. — Rotrei  air  pusvi  valve  deci  with  Gutemn 
vilret  closed;  fig.  0.687,  valves  wide  open. 


valves.     Pig.  0,686, 
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hence  the  total  volume  to  be  abstracted  per  minute  is: 

„ (3) 

^    T,+461» 


pTGS.  5,683  vid  5,AS0. — -Albereer  centrifugal  entrainment  air  purop.  Its  opeiatinff  principle  is 
to  use  intermiUentffiisloKso/iifaltr  to  expel oiramdthitj  produce  a  Paeuum,  The  moviiis  ^leniedt 
is  a  liigh  speed  enclosed  xmpeHer  of  BjKcial  deaign,  whicli  df^ns  mter  from  the  source  of 
supply,  ana  hulls  it,  at  high  velocity,  in  Kporate  Btream;,  across  an  air  KBp  into  a  number  of 
compreEsian  or  diFfudon  chambers.  The  vanes  n>hich  form  the  diffusion  chambeiB  ue  eo 
deigned  that  they  cut  the  streams  of  water  into  a  lorRe  number  of  layers,  or  pistons,  which 
entrap  successive  portions  of  air.  These  pistons  of  water,  moving  at  high  velocities,  com- 
press  the  air  to  atmospheric  pressure,  and  the  mixtuTe  of  air  and  water  passes  through  an 
tmnnlnr  chamber  to  the  discharge  opening  of  the  pump.  The  casing  is  of  cast  iron,  annular 
in  form.  Bolted  to  it  is  a  cast  iron  cover  plate,  forming  an  annular  recess  to  hold  tho  difluser 
in  position,  and  containing  a  deep  water  sealed  stuffing  boi.  A  special  feature  is  that  both 
the  casing  and  the  cover  plate  arc  divided  on  the  honiontal  center  line ,  which  permits  the 
«aijr  lemovaJ  of  the  upper  patfof  the  casing  for  examination  and  repair.  The  diffuse!  is  of 
bnHua.  finished  all  over,  sp^ial  care  being  used  to  reproducs  accurately  the  form  of  vanca 
uid  passages  required  to  give  the  maiimum  airhandlin-  -  ■'-  -  ■"  — 
tuTBirfpamr.  The  tips  cj  the  vanes  are  most  subject  to 
irith  ft  remorable  side  plate.  The  impeller  iaof  bronEc 
whse  in  contact  mth  water.    The  shaft  is  extia  large  : 

boaTjr  in£  cooled  pedestal  baring  is  nxiunted  with  tl 
pteto,  vhich  w  extended  toreceive  the  driving  power.  ' 
^■iliiHnovaWasr'""-  -"' "       ' 

h  an  adjoalitie 

es  where  the  hi. 

tercan  be'used  over  ani  over,  and  so  designed  that  the  air  will  be' liberated.  Sioce  the 
oseof  the  same  waterwill  in  time  heat  it  up  to  apoint  which  will  reduce  the  air  haridling 
Acit^ot  the  pump,  it  is  necessary  to  use  a  hurling  water  cooler,  or  furnish  a  cold  duIk  up 
iply  m  sufficient  volume  to  keep  the  temperature  of  the  hurling  water  within  K  few  de- 
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Baimple. — A  100-horse  power  nnarine  engine  requires  30  lbs.  of  feed 
waterpjT  horse  power  per  hour.  If  the  pressure  in  the  jet  condenser  be  2 
Iba.  frtSoiute  (25.85  ins.  vacuum) ,  how  much  injection  water  is  required 
wad  what  size  pump  if  the  initial  temperature  of  the  injection  water  be 
60°  and,the  final  temperature  110° 

Total  steam  to  be  condensed  per  minute,  or 
W.!°^.150  lb.. 
Since  from  the  steam  table  the  total  heat  in  1  lb.  of  steam  at  2  11:s- 


Pics.  S.fflWand  S.Wt.— Wartbinatr 
it  remove*  the  air  and  non-conaei 
at  high  velocity  approiimatelyrec 

whic" enter  around  the*transformi 
itlustrale  veiy  clearly  ths  eon^Ir 
deliMtsd  underpressure  by  a  cent 
ail  Dump  dischaises.    Make  up  i 


wheel  betneen  the 


ainmenC  air  pump.    Inoptrallor 

:  form  of  ahelix  enclosing  the  vapoi 
ela  or  pistons  ot  water.  Thefigun 
f  operation.  The  hiarlitig  water  i 
3  supply  from  a  tsnlt  into  which  tti 
ns  are  provided  as  shawn. 
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.Q'-  (1+141^)  150 -3.213  lU. 


Pig.  B,fl92,— WbMler  "Radojet"  slcam  jaa 
Rector  dry  air  pump.  Tta  principle  is  tbe  uso 
oijtls  of  jteamjor thcremnalofair.  Itcon- 
■!•(•  of  two  Bteam  e  jectois  workinB  in  series: 
that  is,  in  twosfagM.  thoupperejectorbdns 


niction openings,  fnoiwrst Jon,  the  steam 
expandi  in  the  noulca,  laaTiiig:  with  n  tot 
high  velodty,  and  irhu«  pamng  acrosi  suc- 
tion chamber  6,  entrains  the  air  and  vuion 
to  be  compresaed.  The  mixture  puses  into 
thedi5iuer7.from  whece  it  is  diachained  at 
higher  absolute  preuure  than  that  ot  the  av 


uction  chambers  9.  are  annular,  givins  the  com- 
.    Steam  is  Bimultsneousl/  delivered  through  the 

rdiKs/llaod  12.  Disc  12,  may  bo  adjusted  toward  or  away  from  diB 
'screw  13,  to  vary  the  cross  section  of  the  nozdfl  passage,  thereby  choug- 
itio  of  the  steam.    The  steam  delivered  radially  hy  the  smiular  noaile  il 

_, avina  it  as  a  jet  of  high  velocity  in  the  form  of  a  sheet,  and  in  posnog 

Sanaa  the  soctwo  chambers  9,  entrains  the  comroingled  air  and  slesm  coming  from  the  first 
stage  and  caniea  them  into  the  annular  dilTuser  H.  thereby  eomniessmg  the  mixture  to 
-^traoapheric  prenure  and  discharging  it  into  casinc  15.  which  has  the  difchaige  openiog  D. 
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OVERFLOW 

?I0.  5,683.— WheeiBT  "Radojet"  sHam  jH  or  - 
Bteam  line  ia  a  fitrainei,  pressure  regulator  dn 
on  the  discharge  end.  The  mixture  ia  discliai 
for  boiler  feed.    The  sW  .         .  ■     .. 

traxmnitted  to  the  bcali 

be  used,  ttie  diachugt  is  led  dinctl;  into  it,  thua  utiHaus  ^  b^t  fitua  tl: 


5.684.— Wheeler  ro 


^,^-. ---  —  — ,   „,.  A  shaft  EupiJorted  in  outboard  bearing.    — , . 

lating  cam,  operated  from  the  rotor  shaft  by  meana  of  externa]  cranks  and  connecting  rod 
separates  the  auction  and  discharge  sides  of  the  pump  cylinder,  andfollowa  the  motion  of  tb 
rotor  with  a  small  clearance.  The  rotor  ia  ao  adjusted  as  to  rnflmfain  durinf  its  entire  iota 
tionaciose  clearance  with  the  inside  of  the  air  cyHnder.  Air  is  drawn  through  theintalce,  a 
the  lower  right,  and  discharged  through  the  valves  shown  on  the  declt  above  the  cam.  Tb_ 
ontJet  ia  at  the  top  and  may  be  either  rif^t  or  left  hand.    Freedom  from  lealmge  is  assured 


i.ther 


tionbya, 


cylinder, 


ildri' 


3,164  CONDENSERS 


The  weight  of  water  at  110*  being  61.89  lbs.  per  cu.  ft.,  then  its  volume 
at  110*  or 

Q"-3,213-5-61.89  =51.91  cu.  ft. 

95%  of  which  is  water  and  5%  air.  Hence  the  total  volume  to  be  ab- 
stracted from  the  condenser  per  minute  is,  taking  the  temperature  of  the 
condenser  at  120°: 

.95X51.9H-.5X^Xj^^^  =52.62,  say  53  cu.  ft. 

Now  the  usual  practice  is  to  use  a  pump  having  a  displacement  of  twice 
the  volume  to  be  piunped,  that  is,  to  let  the  pump  fill  half  full  of  water, 
the  remainder  being  occupied  by  the  expanded  air.  Accordingly,  given 
displacement  is 

53X2-106  cu.  ft.  per  minute 

The  normal  piston  speed  should  be  about  100  ft.  per  minute,  hence 
area  of  piston  =  106 -f- 100  =  1.06  sq.  ft.,  or  1.06X144  =  152.6  sq.  ins. 

drain  of  piston  corresponding  =  J.H^  =  J^^^  =  13.9,  say  14  ins. 

and  the  length  of  stroke  will  depend  on  the  number  of  strokes  per  minute, 
which,  for  say  60  strokes  per  minute,  is 

100-5-60  =  1.66  ft.  or  1.66X12  =  19.9,  say  20  ins. 

Surface  Condenser  Air  Pump. — In  a  surface  condenser  the 
pump  has  to  handle  only  the  condensate  and  air,  the  cooling  or 
* 'circulating**  water  being  pumped  by  the  circulating  pump. 
As  compared  with  a  jet  condenser,  the  pump  handles  a  much 
smaller  quantity  of  water  and  a  relatively  large  volume  of  air. 
The  latter  item  is  important  because  the  air  volume  to  be  dis- 
placed is  much  larger  than  the  water  voltime.  The  air  entering 
by  leakage  is  uncertain  and  may  be  3  or  more  times  as  much  as 
was  liberated  by  the  water. 

Since  the  pressure  in  the  I. p.  cylinder  of  the  engine  is  most  of 
the  time  below  atmospheric  pressure,  considerable  air  naay  leak 
in  through  the  stuffing  boxes  unless  they  be  tight.  The  practice 
of  some  pump  companies  is  to  give  the  air  pump  a  displacement 
equal  to  20  times  the  volume  of  the  condensate,  if  it  be  a  hori- 
"'ontal  double  acting  pump,  and  12  times  if  vertical  single  acting. 
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According  to  Whitham  the  usual  practice  is  to  make  the  air  pump  for  a 
surface  condenser  one  half  the  capacity  of  one  required  for  a  jet  condenser. 
This  will  enable  the  surface  condenser  to  be  used  as  a  jet  condenser  in  case 
of  emergency.  The  air  pump  should  always  be  placed  below  the  condenser 
for  best  results  (though  this  is  not  always  possible  with  keel  condensers), 
and  the  deHvery  valves  should  be  water  sealed. 

Classification  of  Air  Pumps. — ^The  steam  turbine  with  its 

EXHAUST  STEAM  INLET 


PRESSURE 
REGULATOR 


STRAINER 


LJVe  STEIAM 
FROM  BOrLER 


GATE 
VALVE 


DRAIN 
VALVt.      VALVE 


MAKE  UP 
SUPPLY 


THERMOSTATIC 
VALVE 


SWINO 
CHECK 


WATER       THERMOSTAT        VALVE    y^C^ 
OUTLET  HOTWELL  POMP  ^ 


Pig.  5,695. — Sectiozial  view  of  a  surface  condenser  showingr  arrangement  of  motor-driven  con- 
densate ^ump  and  one  or  more  Wheeler  steam  jet  or  ejector  air  pumps  with  connections  to 
condensmg  tank  arranged  for  thermostatically  controlled  feed  water  make-up. 

» 

high  vacuum  requirements  has  resulted  in  a  marked  development 
of  condenser  air  pumps,  resulting  in  a  multiplicity  of  types, 
some  of  which  are  very  efficient. 

In  general  air  ptimps  may  be  classified 

1,  With  respect  to  the  duty  they  perform,  as 

a.  Wet, 

b.  Dry. 


2.  With  respect  to  the  mode  of  operation,  as 


1 
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a.  Direct  connected. 
h.  Independent. 

8.  With  respect  to  the  principle  of  operation,  as 

a.  Displacement. 
h.  Impulse. 

c.  Entrainment. 

d.  Jet  or  ejector. 

4.  With  respect  to  the  mechanical  features,  as 

a.  Htmger.*  /.  Vertical. 

6.  Piston.*  f.  Centrifugal. 

c.  Single  acting.  X.  Rotary. 

d.  Double  acting.  «.  Jet. 

e.  Horizontal. 

The  earliest  pumps  and  the  kind  largely  in  use  at  present  wher^ 
ordinary  vacuums  are  employed  are  of  the  displacement  type, 
where  a  pltmger  or  piston  displaces  the  atmosphere,  thus  creating 
a  vacutmi. 

Fig.  5,696  shows  the  latter  type  as  generally  furnished  with  marine 
engines  where  the  pumps  are  direct  connected,  that  is,  operated  by  the 
engine. 

The  dry  air  ptmip,  as  commonly  constructed,  is  a  direct  steam  driven 
reciprocating  tmit,  with  its  air  cyhnder  and  valve  mechanism  designed  to 
reduce  as  far  as  possible  the  rettim  to  the  condenser  of  the  compressed  air 
from  the  dearance  si>aces.  When  it  is  realized  that  the  air  expanding  back 
from  the  clearance  will  exceed  many  times  the  <mginal  volume,  it  becomes 
evident  that  the  reciprocating  type  is  not  the  ideal  air  pump  for  highest 
vacuums. 

To  overcome  this  defect,  the  author  designed  a  reciprocating  atr  pump 
with  practically  zero  clearance  for  his  marine  engine  (see  Chapter  52). 

In  order  to  overcome  the  inherent  defects  ju^t  mentioned, 
builders  have  resorted  to  other  operating  principles  ^  such  as  entrain^ 
ment,  spiro-heating  jet  ejection,  etc.  These  are  illustrated  in  tho 
accompanying  illustrations. 


^  NOTE. — The  author  objects  to  the  erroneous  yet  common  misuse  of  the  terms  plungtr 
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Plc.  6,006.— VerticaliinalaactinBdirect  connected  bucket  piston  wet  air  pump.  TTlBMielion 
channel  way  i"  arranged  Bt  the  lowest  part  o£  the  coodenMr,  so  that  the  WBl«r  can  be  readily 
■nd  completely  lemovcd  from  it.    It  is  often  a  part  of  the  condenier  shell  or  otherwise  bottai 

prcsiure.  'Asit  usualiy  suppjrtsthe  foot  valves,  all  ^irjls  and  valve  seat  dixision  plain 

with  composition  ileeve  tightly  rolled  in.  It  ia  bored  truly  cyhndrical  on  ita  working  face, 
nith  ilicht  tecoMf  at  too  and  bottom,  similar  to  n  steam  cyhnder.  for  the  aver  running  of 

ofteafiltedaboveordireetly  in  the  bore  o£  the  barrel,  in  order  to  avoid' dismounting  the  top 
covetandbeadvalves— a  great  saving  of  time  anJ  labor  to  the  engineers.  The  deli  very  chan- 
cel is  sometimeacast  on  to  the  barrel,  or  together  wUh  the  cover,  u  bolted  to  the  top  flange  o{ 
tlu  barral.  It  holds  the  head  valve  seat,  which,  however,  is  also  found  independent  and 
bolted  directly  to  the  top  flange  of  the  barrel.  Cast  iron  is  eitensiveir  used  for  it,  although 
tli«  United  SUtes  Navy  requires  composition.  The  vertical  eiun^ion  for  the  accumulation 
at  the  discharge  water  serves  to  waleraeal  the  valves  to  prevent  sir  iealiage.  Rubber  valves 
an  generstly  used  except  in  the  Navy,  where  metal  is  em plo:rsd.    Rubber  valves  are  light, 

lubrication,  the  ordinary  rubber  dEteiiarates  under  its  influence,  and  repairs  are  liable  to  be 
fiequent.  On  account  of  their  greater  durabilitv.  metal  valves  are  emolayed.  Also  hard 
rubber  or  fibre  valves  justly  enjoy  a  certain  pop 


3'i!y"rom  the  i  reseats ." 
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Tia.5,(m.—Tatamlinuid. 
■ometimea  fitted  on  them.    The  valve  Beats  are  uiiually  independent  and  constructed  cf 
compodtion.    For  tho  round  valvea  a  central  etud  keeps  the  valve  in  p]acc»  allowing  only 
liftinB  movements,  which  are  limited  by  a  bu^  at  the  top  of  the  stud .    The  Hap  vaJvea  lue 


lifting  movements,  which  are  limited  by  a  guard  at  the  top  of 
clamped  to  the  eeat  on  the  itationary  edgo  by  their  curved  gu 
the  air  pump  is  actuated  either  by  a  boE id  piston  rod,  or  by  a 


ing  rod  and  guides  above  the  top  cover,  iphils  the  trunk  type  contains  the  connecting  rod 
beatings  in  tho  trunk  near  the  piston ,  and  requires  no  eitra  guides.    The  bucket  carries  the 


beatings  in  ttio  trunk  near  the  piston ,  and  requires  no  eitra  guides.    The  bucket  cairi 
bucket  valves,  which  allow  the  air  and  water  to  pass  to  the  delivery  side.    Thotighti 

-!._  1.    _!_.*  — f__i*i._  _;j_  _*-!._  i. i :-  -j^-ur^ijy  a  verybroad.B"'""'  ---•■-   -  "-' 

,  by  packing.    Thispack 

.  passage  of  the  piston  ro 
le  Ktuffing  box  sfiould  be 


the  bucket  against  the  side  of  the  barrel  is  secured  by  a  verybi-^-,. .^ -.^..^  ..^_ 

grooves  to  slop  leakage,  or,  mora  commonly,  by  packing.  This  packing  may  consist  of  oi 
ormoreiplitmetalpackiag  Tings,  bearing,  by  therr  elasticity,  against  the  walls,  or  of  fibroi 
or  «oft  material,  held  in  place  and  compressed  by  e  bolted  tollourer  ring.  A  stuiBnB  bi 
ia  provided  in  the  top  cover  for  water  tight  passage  of  the  piston  rod  or  trunk.    With  tl 
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CHAPTER  86 
EVAPORATING  AND  DISTILLING  APPARATUS 


On  shipboard  the  fresh  water  required  as  ''make  up'*  for 
boiler  feed,  and  for  drinking,  cooking,  etc.,  is  obtained  by  evap- 
orating the  sea  water  and  distilling  the  vapor  by  a  form  of  con- 
denser. The  plant  for  this  work  consists  of  an  evaporator,  dis- 
tiller, and  the  necessary  pumps  which  are:  evaporator  feed  ptmip, 
brine  pump  and  a  pump  for  circulating  the  condensing  water 
through  the  distiller. 

Ques.  What  are  the  functions  and  construction  of  the 
evaporator  and  distiller? 

Ans.  The  evaporator  evaporates  salt  water  into  steam, 
which  is  then  condensed  in  the  distiller  or  condenser  to  fresh 
water.  It  can  then  be  used  for  drinking,  boiler  feeding  and  other 
purposes  for  which  salt  water  could  not  be  used. 

The  reason  for  fitting  evaporators  in  ships  is  because  of  the  loss  of  fresh 
water  by  leakage.  This  fact  requires  that  an  additional  supply  of  feed 
water  be  obtained  either  by  carrying  a  supply  in  tanks  or  gaining  it  in  the 
evaporator.  In  modern  installations  a  certain  amount  of  the  product  of 
the  evaporators  is  aerated  and  used  for  culinary  purposes. 

The  evaporator  is  a  small  boiler,  consisting  of  shell  and  heads  and  with 
steam  and  water  space.  The  salt  water  it  contains  is  heated,  not  by  fire 
^ses,  but  by  steam  from  the  boiler  or  one  of  the  main  engine  receivers. 
This  water  circulates  through  an  internal  system  of  pipe  coils,  until  con- 
densed and  drawn  on  to  the  condenser. 

The  steam  thus  generated,  if  of  fairly  high  pressure,  may  be  employee^ 
in  a  second  evaporator,  thus  securing  a  double  effect. 
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For  boiler  feeding,  all  the  condensed  water  and  low  pressure  steam  is  led 
to  the  condenser,  from  which  point  the  air  pump  ddivers  it,  in  form  of 
water,  to  the  hot  well. 

If  the  evaporator  steam  is  to  be  used  for  production  of  drinking  water 
it  is  led  first  to  a  special  nozzle  system  called  the  aerator,  where  air  is  mingled 
with  it  to  make  the  water  drinkable.  From  the  aerator  it  passes  through 
tinned  condenser  coils,  cooled  by  circulation  of  sea  water,  into  a  filter,  or 
storage  tank,  ready  for  use. 

Through  the  evaxx>ration  of  the  salt  water  a  very  strong  deposit  of  salt 
is  thrown  down  upon  the  heating  coils,  which  must  be  removed  frequently 
for  tiie  efGldency  of  the  heat  transmission. 

SINGLE  EFFECT  DOUBLE  EFFECT 

STEAM  SUPPLY 


l»T  EVAPORATOR 


HOT  WELL 


DRINKING 
WATER  TANK 


Pigs.  5,6Q8  and  5,699.-7>Elementary  evaixnators  illtistrating  Mingle  and  double  €iffecl  evap- 
oration as  described  in  the  text. 

Some  constructions  provide  for  an  easy  removal  of  the  whole  coil  system^ 
while  others  crack  the  scale  oflE  by  sudden  contraction  of  the  hot  coils  by 
cold  water  and  removal  of  the  scale  from  the  bottom  through  man  and  hand 
holes. 

Evaporators  are  fitted  in  the  same  manner  as  boilers,  with  steam  gauge. 
safety  yalve,  stop  valve,  water  gauge,  feed  check,  bottom  blow  valve  and 
sal^ometer  cock. 


The  Plant  in  Operation. — ^The  steam  from  the  boilers  (at  a 
pressure  which  should  not  exceed  30  pounds  per  square  inch) 
enters  the  top  of  the  manifold  of  the  evaporator,  passes  through 

5  tubes,  thereby  being  condensed,  and  is  drained  off  through  a 
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steam  trap,  thence  back  to  the  boiler,  carrying  with  it  such  heat 
as  may  remain. 

The  salt  or  polluted  water  surrounds  the  tubes  and  should  not 
be  carried  at  a  height  that  would  more  than  barely  cover  the  top 
row  of  tubes;  it  is  vaporized  by  the  passage  of  the  live  steam 
through  the  tubes  and  should  not  be  allowed  to  reach  a  pressure 


Fic.  £,700.  Colti  and  maoifolda  of  Reilly  muIU-coil  evacoraCoi  showing  seneial  stranit 


in  shell  of  over  10  pounds  per  square  inch.  The  vapor  passes 
over  to  the  distiller,  where  it  is  condensed ;  the  resultant  water 
flows  to  the  filter  tank.fromwhenceit  is  pumped  or  drained  to 

c+Tit-acrp.  tnnlrs. 
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MOM  ov^^    ^arr/r/t 


Pig.  5,70^.  Marine  installation  of  Reilly  multi-coil  evaporator  and  distiller  plant  for  feed  make 
up  and  drinking  water.  It  conaUta  of  evaporator,  distiller,  aerating  filter,  circulating 
pump,  feed  pump,  trap  and  storage  tank.  These  units  may  be  located  wherever  desired 
except  that  the  distiller  should  be  placed  as  high  above  the  evaporator  as  possible.  The 
steam  for  evaporator  coils  should  b^  taken  direct  from  boiler  or  auxiliary  steam  main,  and 
the  drain  should  be  led  to  the  trap,  which  discharges  into  hot  well  or  filter  box.  The  vapor 
connection  on  shell  of  evaporator  should  be  valved,  and  led  either  to  feed  water  heater,  C  p. 
receiver,  or  to  main  engine  condenser;  the  relative  efficiency  of  the  three  methods  depending 
upon  local  conditions.  A  branch  from  the  vapor  pipe  should  be  led  to  a  special  distiller  for 
drinking  and  culinary  purposes.  The  condensed  vapor  from  the  coils  of  the  distiller  runs  by 
gravity  to  the  aerating  filter,  and  thence  to  the  fresh  water  tanks.  The  circulating  pumi> 
and  feed  pump  may  be  located  wherever  is  most  convenient;  but  when  possible,  locate  the 
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The  distiller  circulating  pump 
forces  cold  water  into  the  bottom 
of  the  distiller,  around  the  steam 
coils  and  overboard.  As  this 
water  in  its  passage  through  the 
distiller  becomes  warm  it  is 
economical  to  use  psrt  of  it  for 
evaporator  feed. 

To  Blow  Off  Brine  bom.  &e 
Evaporator. — When  a  saturation 
of  ^  has  been  reached,  with  the 
feed  pump  running  to  keep  the 
water  at  its  normal  level,  start 
the  brine  pump  and  remove  the 
brine,  or  shut  off  the  boiler  steam 
supply,  and  keeping  the  iivater 

Fig.  CTM.  i)avfd*an  (Baird  patoit)  ivBiwn- 
tor  type  D.  Tlie  rated  capacTtr  ii  t«atd  on  an 
■llowance  of  htiting  surface  shlcb  -iiLsrotly 
dceaaive  vhen  tulies  are  dean,  but  ttiiB  atiow- 
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level  at  its  proper  height,  wait  until  the  machine  ceases  to  oper- 
ate, stop  feed  pump,  then  open  up  the  brine  cock  and  drain  ofif 
the  brine,  then  start  feed  pump  and  wash  out  evaporator;  or 
when  the  evafwrator  feed  pump  is  connected  as  shown,  it  is 
used  to  draw  off  the  brine.  In  any  case  do  not  attempt  to  empty 
evajKjrator  with  steam  pressure  on  the  tubes,  or  a  badly  scaled 
evajKjrator  will  be  the  result. 

"Making  Up"  Boiler  Feed  Water. — ^When  it  is  desired  to  use 
all  or  part  of  the  water  evaporated  for  boiler  feed,  connection  is 
made  from  the 
evaporator  vapor 
pipe  to  the  main 
wndenser. 


d^Qsers  ar«  employed 
to  make  nittabtB  water 
for  drinlcins,    cooking. 


TFEuIarsiie)  with  capac- 
ities from  125  to^.OOO 
eallonB  per  M  hours. 
SheUa  and  heads  of  dis- 
tiller ate  made  of  cast- 
iron,  or  shells  of  copper, 
with  compiMtion  heada 
andSangeBitubeiBreof 
seamicsi  drawn  copper 
or  brass,  tinned  itiAle 
and  outside,  secured  In  . 
composition  manlfDldi, 
top  and  bottom,  fitted 


supply  of  annual  char- 
eoilia  futnished.  The 
waterf  torn  distilletflowB 
through  the  pipe  in  filter 


^ 
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It  .fe  good,  ppractice  to.  evaporate  the  water  thus  under  vacuum; 
when  this  is  done  the.  steam  pressure  in  the  tubes  should 
be  kept  as  low  as  possible,  and  care  should  be  taken,  when  blow- 
ing off  by  the  second  method  herein  mentioned,  to  close  the 
valve  in  the  vapor  pipe,  to  prevent  breaking  the  vacuum  in  the 
condenser. 


5TEAM  TO 
DISTILLER 


STEAM  PIPE 
^ROM  BOILER 
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lOR  FEEt)  PUMP 
SUCTION 


FILTER 


STEAM  TRAP 


DRAIN  Pipe  feed  PIPE  TQ 

FROM  EVAPORATOR       EVAPORATOR 


BRINE  AND 
FEED  PUMP 


Fig.  5,706.  Diasram  of  Davidson  (Baird  patent)  evaporating  and  distilling  apparatus  showing 
manner  of  connecting  up  a  plant  to  make  drinking  water;  all  parts  are  shown  except  circulat> 
ing  pump;  one  pump  is  used  for  both  evaporator  feed  and  brine. 


,  ,.,■ 


On  vessels  making  long  voyages  an  evaporator  is  practically 
indispensable  and  even  where  the  trip  is  of  such  duration  that 
the  supply  may  be  replenished  at  different  ports,  the  fact  that  all 
fresh  water  is  not  desirable  for  boilers,  makes  the  use  of  an 
evaporator  advisable  in  order  to  maintain  the  full  efficiency  of 
th^.>boi]£]i%f  p^r^vejrLt  ithe  formation  of  scale  and  the  serious  damage 

'^Ultlng  therefrom. 
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Amount  of  "Make  Up"  Required. — The  waste  of  feed  water 
by  overflow,  blowing  of  whistle,  leaks  in  the  boilers,  condensers, 
stuffing  boxes,  pipe  joints  and  valves,  varies  greatly;  it  is  more 
nearly  in  proportion  to  the  quantity  of  feed  water  used  than  to 
the  horse  power. 


707and  SjTCia.  Row  iind  Davia  DaraoMlevap- 
r.  Pig.5.707,sideview:BB.S,TO8.  top  view 
"'  """-fold  in  op»n  and  clostd  position. 


ultiple  effect, 
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\«  outside  for 
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Jarge  hinged 


by  suddenly  floodini 


pounds  of  feed  water  will  waste  less  n 
engines  requiring  40  pounds  of  feed  v, 


'hich  give  a  horse  power  on,  say,  16 
ir  per  horse  power  than  a  vessel  with 
■T  per  horse  power. 
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purposes,  except  bathing:,  is  about  2H  gallons  per  day.  The  distilling  appar-- 
atus  is  always  made  large  enough  to  supply  much  more  than  the  amount  of 
water  required,  to  allow  for  accidents,  and  also  that  the  full  supply  may  be 
obtained  by  running  the  apparatus  a  portion  of  the  day. 

Double  Effect  Evaporators. — In  battleships  and  large  pas- 
senger vessels  where  the  economy  of  compounding  is  of  sufficient 
value,   the  evaporators  should  be  arranged  in  double  effect. 

When  arranged  thus,  the  vapor  from  No.  1  is  carried 
ove  ■  into  the  tubes  of  No.  2.  The  drain  from  the  firet 
evaporator  should  be  led  to  the  hot  well,  and  the  drain 
from  the  second  evaporator  led  to  the  fresh  water  con- 
denser^ and  there  cooled  down  to  be  used  by  the  pasTicngers 


E\l\A^rJL=- 


&^i 


Figs.  6,709  and  5,710.  Koerting  universal  bil^e  syphons.  Pig.  5,709  illustrates  the  use  of  syphon 
as  a  safety  appliance  on  board  ships;  Fig.5,710,  its  use  as  an  emergency  bilge  pump. 

and  crew.  The  generated  steam  from  the  second  evaporater  may  either  be 
used  as  a  boiler  make  up,  or  led  to  the  condenser  or  distiller.  By  compounding 
the  evaporators,  a  saving  of  about  30  per  cent,  of  the  coal  may  be  obtained. 

Arrangement  of  Evaporator. — ^An  evaporator  may  be  arranged 
in  various  ways,  depending  upon  the  manner  in  which  the  vapor 
generated  therein  is  to  be  utilized.  The  three  principal  methods 
of  using  the  vapor  are: 

1.  By  discharging  it  direct  into  the  condenser,  there  to  mix  with 
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the  condensed  steam,  and  be 
1  ;»4.«  »!.=  i-oilers  coro- 
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on  before 
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to  heat  the 
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J\\ii  comparative  economy  of  these  different  arranaements  ia  given  below, 
and  It  Will  be  seen  that  the  most  economical  method  ol  working  an  evaporator 
IB  to  utilize  the  generated  steam  to  heat  the  boiler  feed  water. 

Evaporating  Into  the  Condenser. — As  it  is  usual  to  place  a 
vapor  or  reducing  valve  between  the  evaporator  and  the  con- 


PiGS.'  6,712  to  5.714.— Sefiulta  and  Kowttng  distiller.  The  {reih  vater  distiller  is  practically 
ku  ordinary  surface  condenser,  which  may  be  DiAced  verticaJly  or  homontAll/ Accorajnff  to  thd 
particular  requirements  from  time  to  time.  The  steam  is  admitted  thmugh  a  baffle  plate  to 
the  outside  of  the  tubes.  The  top  portion  of  the  tubes  act*  aa  a  condenser  for  the  vapor,  while 
the  lower  portion  of  the  tubes  acts  as  a  water  cooler  before  it  passes  to  the  condensed  water 
pump.  ThefisureEhowstypeZ.distilleTwhichisof  the  straight  tube  construction  designed  to 
be  placed  ia  a  vertical  position,  the  circulatinc  water  fiowinE  throusb  the  tubes  and  the  BCeam 
passing  around  the  outtidc  of  the  tubes,  a  full  coaling  effect  being  obtained  by  meani  of 
special  baffles  shown  in  the  illusttatlon.  The  tubes  are  seamless  drawn  brass,  tinned  both 
Inside  and  outside,  shelli  and  headers  are  cast  iron.  Special  arrangement  is  provided  whicb 
permits  of  free  expansion  and  contraction  of  the  tulie  bundle.  The  whole  Cube  bundle  can 
■  removed  for  p^odical  cleatUng  if  this  should  be  found  neceaaary.     The  digtUkt  la  JK»- 
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denser,  it  may  be  assumed  that  evaporation  takes  place  at 
atmospheric  pressure;  and  the  temperature  corresponding  to 
this  is  212^  Fahr. 

The  water  for  feeding  the  evaporator  being  taken  from  the 
circulating  discharge,  its  temperature  may  be  taken  at  80°  Fahr. 

To  maintain  the  density  at  -^^  two-fifths  of  the  total  amount  of  water 
admitted  to  the  evaporator  must  be  discharged  into  the  bilge,  and  conse- 

5 


Fig.  5,715.  Schutte  and  Koertina  arrangement  of  evaporating  and  distilling  plants.  The 
part9  are:  E.  evaporator:  D,  distiller:  F,  filter;  H,  evaporator  feed  water  heater;  CP,  evapora- 
tor circulating  pump;  FwT»  fresh  water  tank;  SS,  sea  suction;  FP,  feed  pipe;  C,  circulating 
pipe;  VP,  vapor  pipe;  P,  condensing  pump;  OD.  overboard  discharge;  V.  low  pressure  safety 
valve;  SG,  steam  gauge:  CG.  compound  vacuum  and  pressure  gauge;  SV,  high  pressure  safety 
valve;  RV,  reducing  valve;  WG,  water  gauge;  S,  salinometercock;  BO,  blow  off;  BC.  brine 
cooler. 

quently  to  produce  1  lb.  of  pure  steam  1%  lbs.  of  water  must  be  admitted  to 
the  evaporator;  of  this,  1  lb.  is  evaporated  and  ^  lb.  discharged  into  the 
b^ge  as  hot  brine. 

The  total  heat  required  to  make  1  lb.  of  pure  steam  is  the  sum  of  the  heat 
in  the  steam  and  that  discharged  in  the  hot  brine. 
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Amount  of  heat,  in  thermal  units,  in  1  lb.  of  steam\  ^  aaa       ^l         % 
at  212''  above  80** /  ^•"^       thermal  units. 

Amount  of  heat  in  %  lb.  brine  at  212**  above  80**}   %  of  132=88 

Total  heat  required  to  make  1  lb.  of  pure  steam, \  ,  cu^xqq     t  torr 
being  the  sum  of  the  above /  1,099+88  =  1,187 

If  it  be  assumed  that  1  lb.  of  coal  will  evaporate  10  lbs.  of  water  from  and 
at  212**  Fahr.,  that  is,  that  9,666  thermal  units  will  be  obtained  from  the  com- 


ic 


<( 


Fig.  5,716.  Evaporator  arranged  to  evaporate  into  the  condenser;  simple  but  least 
economical.  In  this  arrangement  the  steam  generated  in  the  evaporator  is  discharged 
into  main  condenser  through  the  pipe  S,  and  reducing  valve  T.  The  necessary  feed  water  for 
the  evaporator  is  taken  from  the  circulating  discharge  by  the  pipe  R,  and  enters  the  evaporator 
by  the  non-return  valve  G.  The  steam  condensed  within  the  coils  flows  by  the  pipe  X,  to  the 
hot  well.  A  pipe  U,  conducts  the  brine  from  the  brining  cock  M,  to  the  bilge.  By  placing 
the  reducing  V2ilveT,low  on  the  condenser,  as  shown,  the  steam  from  the  evaporator  is  al- 
lowed to  mingle  with,  the  feed  water,  and  thus  heat  it  to  a  slight  extent.  The  amount  of 
heat  thus  utilized  is,  however,  necessarily  small,  as  it  is  impossible  to  raise  the  temperature 
of  the  water  above  that  corresponding  to  the  vacuum  in  the  condenser.  With  this  arrange- 
ment, as  the  water  flows  into  the  evaporator  by  its  own  weight,  it  is  necessary  to  place  the 
apparatus  as  low  as  possible,  so  that  there  may  be  a  considerable  head  of  water. 

bustion  of  1  lb.  of  coal,  it  follows  that  the  amount  of  pure  steam  generated  by 
1  lb.  of  coal  with  this  arrangement  is 

9,666 


1,187 


=8.14  lbs. 
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Eraporatiiig  Into  Low  Pres- 
sure Valve  Chest. — In  this  case 
the  steam  from  the  evaporator  is 
discharged  into  the  low  pressure 
iwlve  casing,  and  does  work  upon 
the  low  pressure  piston  before 
being  condensed.  There  is  there- 
fore a  saving  over  the  previous 
arrangement,  which  may  be  cal- 
culated as  follows: 

In  an  economical  triple  expansion 
engine  17  jjer  cent,  of  the  total  heat  in 
the  steam  is  turned  into  work,  conse- 
quently if  it  is  assumed  that  the  power 
developed  in  each  cylinder  ia  equal, 
one-third  of  this  (or  566  per  cent.)  is 
developed  in  the  low  pressure  cylinder. 
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jected;  the  amount  of  heat  entering:  the  l.p,  cylinder  must  therefore  be  88.66 
per  cent,  of  the  total  heat.  That  .is  to  say,  out  of  the  total  heat  entering  the 
l.p.  cylinder  the  amount  utilized  is 

^•cc^r°6'38  per  cent. 
88.66  ^ 

Had  this  heat  been  used  in  the  same  manner  as  the  rest  of  the  heat  passing 
through  the  engine,  the  amount  utilized  would  have  been  17  per  cent.  The 
amount  regained  in  the  l.p.  cylinder  is  therefore 


i 


Fig.  5,719.  Evt^torator  arranged  to  evaporate  into  the  low  pressure  mteant  cheat*  Here 
it  is  necessary  to  fit  a  small  pump  V,  for  the  supply  of  water  to  the  evaporator.  This  water 
is  taken  from  the  circulating  discharge,  as  before,  by  the  pipe  R,  and  enters  the  evaporatoi 
by  the  pipe  W,  and  non-return  valve  G.  A  two  way  cock  Y,is  placed  in  the  steam  pipe  S, 
and  it  is  thus  possible  to  discharge  the  steam  from  the  evaporator  into  the  l.p.  valve  casing, 
or  into  the  condenser  at  will.  A  non-return  valve  Z,  should  be  placed  on  the  l.p.  valve  casing. 
In  ordinary  cases  with  the  engine  working,  the  steam  from  the  evaporator  would  be  led  into 
the  l.p.  valve  casing;  but  when  the  evaporator  is  used  in  port  the  steam  is  discharged  into  the 
condenser,  thus  allowing  any  waste  of  water  to  be  made  up. 


6.38X100^3^5        ^^^^  Qj.  ^ 
17 

Now,  let  the  pressure  in  the  l.p.  valve  casing  be  7  lbs.  per  square  inch,  the 
^^rature  corresponding  to  which  is  233.1°  Fahrenheit,  and  let  the  tem- 
f-ure  of  evaporator  feed  water  be  80°  as  above,  then 
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Amount  of  heat  in  1  lb.  of  steam  at  233 
above  80® 


Amount 
above 


thermal  units. 


«< 


•^'k,104.5 
of  heat  in  %  lb.  of  brine  at  ^I'W  of  153.1-102.1 

-     • 

Total  heat  required  to  make  1  lb.  of  pure\,  i/viK_Linoi-.i  o«a  a  «« 
steam,  being  the  sum  of  above ...  |l»104-5+102.1  - 1,206.6 

Amount  regained  in  /./>.  cylinder 1  Ji  of  1,104.5  =414.2 

Net  cost  of  making  1  lb.  of  pure  steam  is . . }  1,206.6 — 414.2  «792.4      ** 

•< 

0  666 
Amount  of  steam  generated  per  lb.  of  coal .  L*        =«  12.19  lbs. 


«• 


Fig.  5.724.  Bvaporator  arranged  to  evaporate  into  feed  water  heater.  The  feed  heater  is 
.shown  at  FH.  The  water  from  the  hot  well  enters  by  the  pipe  Al,  and  after  being  fa«at(sd 
flows  by  the  pipe  Bl,  to  the  main  feed  pump  suction.  A  two  way  cock  Y,  is  placed  on  the 
evaporator  outlet  pipe  S,  so  that  the  steam  from  the  evaporator  may  enter  the  condenser  by 
the  reducing  valve  T,  or  may  be  Conducted  by  the  pipe  CI  to  the  feed  heater.  The  drain 
from  the  coils  may  be  led  by  the  pipe  X,  into  the  pine  CI,  at  any  point  beyond  the  twowav 
cock,  as  shown.  PI  is  a  nir)e  for  the  escape  of  air  an  1  vapor  from  the  feed  heater.  iiii<l  iA 
led  into  tiie  hot  well  at  any  point  above  the  usual  water  level.  For  the  purpose  of  providing 
lure  drinking  water,  part  of  the  steam  generated  in  the  evaporator  may  be  condensed  in  any 
resh  water  condenser,  and,  being  free  from  grease,  it  is  very  suitable  for  this  purpose* 
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Consequently,  to  make  1  ton  of  fresh  water,  the  amount  of  coal  required 
with  this  arrangement  ia — 

?!?^«  183.7  lbs. 
12.19 

Evaporating  Into  Feed  Water  Heater. — In  this  case  the  steam 
pressure  in  the  evaporator  Is  about  1  lb,  above  the  atmosphere, 
and  as  the  steam  is  entirely  condensed  among  the  feed  water,  and 
is  thus  pumped  into  the  boilers,  the  only  actual  expenditure  of 
heat  is  that  caused  by  brining.  y^ 

Let  the  steam  pressure  in  the  evaporator  be  1  lb.,  the  tempera- 
ture corresponding  to  which  is  216.3®  Fahr.,  and  let  the  tem- 
perature of  evaporator  feed  water  be  80**  as  before,  then 

Heat  in  %  lb.  of  brine  at  216.3  **  above  80  ** . }  %  of  136.3 = 90.0  thermal  units. 

This  being  the  whole  expenditure  of  heat,  the  amount  of  steam  generated 
per  pound  of  coal  is 

M?§  « 106.3  lbs. 
90.9 

Therefore,  the  amount  of  coal  required  to  make  1  ton  of  pure  water  is 

2:?^^  ^21  lbs. 
106.3 

412.  What  pumps  are  needed  for  the  evaporator  and  distiller 
service? 
A  pump  is  needed  for  feeding  the  evaporator  with  sea  water 
and  for  circulating  the  cooling  water  through  the  distiller. 

Note — Evaporators,  The  advantages  of  supplying  marine  boilers  with  pure  water  are 
great,  and  are  so  obvious  as  not  to  need  specifying.  The  necessity  of  it  was  not,  however,  so 
severely  felt  until  voyages  of  considerable  length  had  been  made  with  ships  whose  boilers  work 
at  pressures  of  100  lbs.  and  upwards.  The  weight  of  water  evaporated  in  boilers,  whose'  work- 
ing pressure  is  150  lbs.,  is  much  greater  in  proportion  to  the  size  than  was  the  case  with  those 
working  at  75  lbs.;  and  the  evils  arising  from  the  deposit  of  scale  are  magnified  with  the  higher 
pressure  and  consequent  higher  temperature.  Again,  the  liability  to  put  on  scale  is  greater, 
inasmuch  as  the  losses  from  leakages  are  greater  with  the  higher  pressures.'  Hence,  the  old 
system  of  making  up  loss  of  water  by  a  supply  from  the  sea,  although  a  very  simple  and  ready 
one,  was  not  by  any  means  satisfactory,  and  did  not  remedy  the  evil,  but  rather  magnified  it. 
The  Admiralty  and  some  private  ship  owners  tried  to  obviate  it  by  providing  a  supply  of  fresh 
water  in  the  double  bottoms,  or  in  tanks  specially  fitted  for  the  purpose.  This,  however,  was 
only  half  a  remedy,  inasmuch  as  the  fresh  water  generally  obtainable  contained  large  quantities 
of  lime  and  other  salts  which  gave  a  hard  deposit  difficult  to  remove.  Moreover  this  fresh 
water  cost  money,  and  was  so  much  extra  weight  to  carry  which  really  added  to  its  cost.  Then 
recourse  was  had  to  the  auxiliary  or  donkey  boiler  to  obtain  distilled  water,  which  meant  an 
expenditure  of  coal  and  labour  in  cleaning  out  these  boilers  after  they  had  become  coated. 
These  small  boilers  very  soon  got  so  coated  that  they  had  to  be  stopped  for  a  thorough  clean- 
out;  and  during  the  time  they  were  at  work  there  was  always  the  risk  of  damaging  them.  Tn 
spite  of  these  difficulties  it  was  found  to  be  the  most  satislactory  way  of  obtaining  an  extra^ 
supply  for  the  main  boilers,  and,  consequently,  improvement  was  made  in  this  direction 
supplying  a  small  boiler,  whose  heat  is  obtained  from  either  the  steam  direct  from  the 
bcrilers  or  from  the  exhaust  from  one  or  other  of  the  cylinders. — Seaton. 
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Pics.  5.725  and  S,72fl.— IJllie  evaporalor.  made  by  Wheeler  Condenser  Co.  The  operation  of 
'  this  evaporator  diEfeiB  from  onJinarj'  type  in  two  reapecu:  1 .  evapoiation  from  the  ica  water  is 
from  films  caused  by  a  meehanieai  showering  o£  the  sea  water  over  the  evapBrating  tubei;  2. 
the  movement  of  the  vapors  or  heat  through  the  apparatus  is  periodicall/  reversed.  The 
former  promotes  the  efSdency  of  the  evaporating  BuTface,  and  Ihelalter,  by  a  frequent  chanB- 
ine  of  the  tengieratuTes  throuch  the  efffCli,  prevents  incrustationB  to  luch  >  degne  that  the 
appaiatua  may  be  run  tor  long  perfodi  without  a  material  failing  ofl  in  caMcity.  The 
erapornting  tubes  toward  the  ateam  end  oiiea  tlirooEh  the  tube  plate  parlition,  in  which  they 
are  firmly  eipanded  (without  anneahnj).  The  other  ends  of  the  tubes  open  into  a  Boatin* 
bead  or  box.  the  front  wall  of  which  is  a  removable  plale.  The  tubes  are  free  toexpandor 
contract  independently  of  the  shell  of  the  effect.  The  tube  plate,  tubea  and  floating  head 
maybe  taken  from  Ihebody  en  maa5e,  through  the  open  head  of  the  sleani  end  ^ter  remov- 
ing the  bolts  which  huld  the  tube  plate  to  the  body  flange.    The  tubes  are  staggered  vertf- 

The  beads  of  the  effects  swing  on  hinges,  and  are  held  closed  by  swing  bolta.  On  the  under 
dde  ia  a  specially  <leslEned  cdnirifugal  circjlating  pump  located  midway  between  tbe  end* 
of  the  body.  Steam,  or  vapor  ftom  a  hotter  effect,  enteia  the  steam  end.  thence  Into  the 
tubes,  in  which  it  is  condensed  byandcausesevaporalionfrom  the  sea  water,  which  is  cireu- 

baSle  plate  into  "  '  '  -       ~ 


stuttering  and  thu 
tubes  flows  eiLherii 

way  through  the  in 

or  to  the  surface  coi 

holle^te^ecl,istall  ,     .  ,         .    

tubes  Is  a  deluging  shower,  maintained  by  the  centrifugal  pump.  The  circulation  la  Inde- 
pendent of  ebullition,  and  there  is  no  depth  of  sea  water  on  the  tubefcthrougb  which  vapor* 
must  force  their  es:ape.  The  small  quantity  of  sea  water  in  the  body  is  Indicated.  It 
consists  of  that  in  the  body  beneath  the  tubes  plus  that  flowing  over  the  tubea.  ScaUnr 
bg  rervrsaf'  The  change  in  temperature  produced  l>y  this  reversal  Is  respoosible  for  pre- 
venting the  formation  of  scale  in  the  eSect  by  cracking  oS  whatever  scale  may  have  been 
formed.  If  reversals  be  made  aygtemallcally  and  with  the  frequency  which  experience  with 
■ea  water  may  dictate,  this  evaporator  may,  with  Utile  trouble,  be  operated  for  many  months 
without  noticeably  reducing  Its  capacity.  It  ia  cuaton 
four  hours  when  distilling  sea  water.  The  reverting 
'  Is  Quodtuple  eSecti  may  be  completed  In  flve  miau 
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CHAPTER  87 


COOLING  PONDS  AND  COOLING  TOWERS 


Where  cooling  water  is  scarce  or  expensive,  or  where  it  is 
rendered  unfit  for  use  in  condensers  by  pollution  from  waste 
products  of  manufacturers,  cooling  ponds  or  cooling  towers  are 
used  to  cool  the  water  so  that  it  naay  be  used  over  and  over 
again,  the  small  loss  by  evaporation  being  made  up  from  an 
outside  source. 

The  following  examples  will  give  an  idea  of  the  very  large 
amount  of  water  required  where  no  means  is  provided  to  cool  it 
so  that  it  can  be  used  again. 

Example. — ^A  100  horse  power  engine  runs  on  30  lbs.  of  feed  water 
per  hour  per  horse  power.  If  the  cooling  water  for  the  condenser  be  27 
times  the  feed  water  how  many  gallons  of  cooling  water  are  required  per 
10  hour  day. 

total  feed  water       =30X100X10 =30,000  lbs.  per  day. 

total  cooling  water  =?5i^2<2Z=  90,756  gallons. 

which  at  the  usual  city  rates  for  water  would  be  prohibitive,  or  at  least 
the  expense  would  largely  offset  the  saving  by  condensing. 


1.  COOLING 


PONDS 


in  sparsely  settled  districts  where  land  is  cheap,  cooling  pon<^ 
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are  used  instead  of  cooling  towers,  because  the  considerable  area 
required  for  the  pond  costs  little,  whereas  the  tower  is  relatively 
expensive,  both  in  cost,  operation  and  maintenance.  Cooling 
ponds  may  be  classed 

1.  With  respect  to  the  cooling  method  used,  as 

a.  Natural. 

J.  Spray  {nfe/l^Sc 

2.  With  respect  to  circulation,  as 


HOT  WATER  OlSCHARGt 

.  n  V n__ n        n 


TROUGH 
O-J^ Q IL. 


POWER  HOUSE 


Pigs.  6,727  and  6,728. — ^Natural  flow  cooling  pond  suitable  for  long  and  narrow  lots. 


a.  Natural  flow. 
h.  Directed  flow. 


3.  With  respect  to  water  capacity,  as 

a.  Shallow. 

b.  Deep. 

4.  With  respect  to  provision  for  preventing  drift  loss,  as 
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a.  Open. 

h.  Louvre  fence. 

Natural  Ponds. — ^Where  considerable  pond  area  is  available 
natural  ponds  are  sometimes  used,  which  have  the  advantage  of 
requiring  no  spray  pump.  There  are  two  arrangements,  the 
natural  flow  pond,  shown  in  figs.  5,727  and  5,728,  and  the 
directed  flow.  figs.  5,729  and  5,730. 


POW^R 
HOUSE. 


Pigs.  5,729  and  6,730. — Directed  flow  cooling  ix>nd.  The  hot  water  enters  the  middle  channel 
at  A,  and  on  reaching  the  tar  end  divides  into  two  currents,  being  directed  by  the  baffle  walls 
so  as  to  traverse  the  xx>nd  several  times  before  uniting  at  the  intake  point  B. 


Evidently  the  type  to  be  used  depends  upon  the  ground  avail- 
able. When  the  lot  is  long,  the  natural  flow  pond  avoids  the 
expense  of  baffle  walls,  as  required  in  fig.  5,729,  but  this  is 
partially  offset  by  the  cost  of  the  long  trough. 
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The  cooling  effect  obtained  with  natural  cooling  ponds  is,  as 
might  be  expected,  very  small,  except  in  winter.  Hence,  in 
design,  great  care  should  be  taken  to  have  the  pond  large  enough 
for  severest  conditions.  Where  the  space  available  is  not  large 
enough,  spraying  could  be  resorted  to  in  warm  weather.  The 
cooling  is  effected  in  three  ways: 

1.  By  radiation. 


2.  By  convection. 

3.  By  evaporation. 

In  cold  -weather  the  first  two  are  the  most  importaqt,  but  in  warm  weatlia' 
most  of  the  cooling  is  done  by  evaporation.  According  to  Feraald  and 
Oriok,  under  the  conditions  prevaihng  in  northeastern  United  States,  it 
has  been  found  that  a  natural  cooling  pond  surface  of  250  square  feet  is 
sufficient  to  cool  the  condensing  water  required  for  a  boiler  horse  power 
(MJ^lbs.)  at  26  inch  v 
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The  evaporation  of  one  lb.  of  water  absorbs  about  1,000 
B.tM.    The  rapidity  of  evaporation  is  determined 

1-  By  the  temperature  of  the  water,  and 

2.  By  the  vapor  tension  in  the  air  in  immediate  contact  with 
the  water. 


Fig.  S,732.— Spmy  Eog.  Co.  spray  eystem  erected  over  a  nalurai  pond  in  the  New  Eniland 
Stat«,operatingatoii1y31bs.DnuundurinEipringandfal1,BSEufficieatcf»linBiiobUinDd 
at  this  ptasure,  although  6  to  7  lb«.  pressure  is  required  on  hot  sumiacr  dayi. 

In  ordinary  air,  the  vapor  present  is^eoerally  in  a  condition  corresponding 
to  superheated  steam,  that  is,  the  air  is  not  saturated.  IE  saturated  air 
be  brought  into  contact  with  colder  water,  the  cooling  of  the  vapor  will 
cause  some  of  it  to  be  precipitated  out  of  the  air.  Again,  if  saturated  air 
be  brought  into  contact  with  warmer  water,  some  of  the  latter  will  pass  into 
the  form  of  vapor. 

The  rise  in  temperature  of  the  air  from  contact  with  hot  water  will 
greatly  increase  the  water  carrying  capacity  of  the  atr,  enabling  a  large: 
amount  of  heat  to  be  absorbed  through  evaporation  of  the  water. 
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Spray  Ponds. — Where  the  space  available  is  inadequate  lor 
a  natural  cooling  pond  the  spray  pond  is  used.  Here  the  hot 
water  from  the  condenser  issprayedover  a  pond  (or,  where  space 
is  veiy  limited,  over  a  roof),  through  a  multiplicity  of  jets. 
As  it  passes  through  the  air  in  a  finely  divided  state,  its  surface 
area  is  greatly  increased,  thus  intensifying  the  cooling  by  evapora- 
tion; hrtice,  for  a  given  cooling  capacity  the  size  of  pond  is  mucli 
less  than  that  of  a  natural  pond. 


Pig.  E.733.— Spray  Ena.  Co.  so  called  double  dak  spray  pond  of  Buosr  mill  in  Cuba.  The 
installation  occuines  less  space  because  ol  tha  noiiles  being  arranged  at  two  difterent  eleva- 
tions.   There  is  more  loss  from  drijt  in  an  installalion  of  this  kind  than  with  the  oriinaiy 

of  nste'r  ntjlcb  is  allowed  to  overHoir  from  the  coolint:  pond.  Where  economy  of  wslerb 
important  such  ponds,  especially  in  ejposed  places,  should  be  surrounded  by  a  louvre  feoct, 
as  in  fig.  a, 731,  to  catch  the  spray  blown,  past  the  sides  by  strong  winds. 

The  sides  of  the  ponds  are  sometimes  extended  or  a  lower  fence 
provided  to  prevent  loss  of  water  by  the  spray  being  carried  away 
by  the  air  currents.  The  usual  range  of  cooling  varies  from  20° 
to  40°  F.,  depending  on  conditions. 

About  4  sq.Ji.  of  sttr/ace  are  required  for  a  boikr  horse  power  lo 
covdense  steam  at  S6  ins.  vacuum. 

If  it  be  desired  to  cool  water  over  a  large  range,  it  can  be  easily 
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accomplished  by  spraying  more  water  than  passes  through  the 
condenser  or  heating  medium,  by  the  so  called  double  deck 
method  shown  in  fig,  5,733.  By  this  method  it  is  possible  to  cool 
watar  within  a  few  degrees  of  the  wet  bulb  temperature  of  the 
surrounding  air.    The  accompanying  cut  shows  examples  of  spray 


lee.    This  pond  cools  the 


Iting  through  jack?t3  □[  g> 


According  to  the  Spray  Engineering  Co.  careful  tests  made  by  disinter- 
ested enfiineers,  extending  over  a  period  of  several  weeks,  show  tli^t  tht: 
average  amount  of  heat  dissipated  from  the  surface  of  a  natural  cooling 
pond  with  directed  flow  is  3.5  B.t.u.   per  sq.  ft.    per   hour   per  one  degr 
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difference,  and  tbat  the  average  heat  dissipated  b^  a  spray  cooling  pood  U 
\^B.tM.  per  sq,  fl.  per  hour  per  one  degree  di/erence  or  approxwnately 
36  times  as  mitch .   This  shows  that  a.  naiural  cooling  pond  capable  of  taking 


With  cooling  ponds  of  any  type  the  feed  water  for  the  boilers 
is  not  taken  from  the  pond,  but  from  the  discharge  pipe  line 
between  the  omdenser  and  the  pond,  thus  saving  the  heat  ia 


Fio.  6.735.— Spray  Eng.  Co.  raif  lypi  spray  pond,  install»d  on  roof  of  en  ice  plant  in  Ne* 
EnglsTid.  1,500  gBllonaof  water  per  minute  being  cooled  (or  u»  in  connection  with  ammonia 
coils  oi  250  Ion  capacity  of  refiigeut'iig  machineiy. 

that  portion  o£  the  condensing  water  delivered  back  to  the  boilers. 
The  ratio  of  condensing  water  to  feed  water  should  be  large 
enough  to  keep  the  water  in  the  pond  in  equilibrium  for  any 
desired  vacuum,  for  if  this  ratio  be  such  that  the  heating  effect 
of  the  condenser  is  greater  than  the  desired  cooling  effect  of  the 
oond,  then  the  temperature  of  the  pond  will  rise  to  a  higher  point 
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and  the  vacuum  will  decrease  a  corresponding  amount,  thus 
impairing  the  economical  operation  o£  the  engine  or  turbine. 

With  a  spray  cooling  system  when  there  is  no  breeze,  an 
efEective  current  of  air  is  created  in  an  upward  direction  around 
each  nozzle,  due  to  the  movement  of  the  spray  as  well  as  to  the 


Pia.  S.T3fi. — Spray  Eflg.  Co.  dup  spray  pond  tuvins  1,000.000  nlloni  capacity.  12  feet  deep. 
The  fire  pumpi  in  conneclion  with  tms  mill  talce  their  miction  ((Dm  this  reservoir,  and  benoe 
it  KTvei  a  double  jiuipoae  in  cooling  the  condensing  water  and  affording  a  large  supply  for 
6n  protection. 

heating  effect  which  the  spray  has  on  the  air  which  comes  in 
contact  with  the  water,  thus  rapidly  carrying  away  the  warm, 
moist  air  produced,  and  replacing  it  with  cool,  dry  air  brought  in 
from  all  sides  over  the  surface  of  the  pond.  Spray  cooling  ponds 
are  more  efficient  in  extremely  hot  weather,  when  high  hiuuidity 
prevails  than  in  cool  weather  with  low  humidity. 
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Earthen  ponds  usually  ansrcer  every  rcquiremeiit.    Where  provided  wiUi 

a  grassed  bank  they  make  a  neat,  water  tight,  economical  instailatiou. 
U^ess  greater  depth  is  needed  for  storage  purposes,  the  water  is  rarely  njore 
than  3  feet  ia  depth.  From  a.  cooUne  standpoint  a  pond  6  inches  deep  will 
usually  give  as  good  results  as  one  10  feet  deep.  Poods  are  made  deeper 
to  provide  storage  for  fire  protection  purposes. 

An 


Fio.  6,737. — Biulft«,sprsy  noi 


The  satisfactory  handling  of  the  above  features  of  the  design  and  the 
ability  to  use  to  the  best  advantage  existing  conditions,  such  as  old  ponds, 
canals,  rivers,  and  roofs  is  dependent  on  the  experience  and  foresight  of  the 
engineers  to  whom  the  work  is  intrusted.  Where  ground  space  is  restricKsd 
the  sprays  can  be  double  decked  or  arrai^d  on  the  roof. 

Water  Loss. — There  is  a  general  impression  that  considerable 
-  is  lost  in  a  spray  system  from  evaporation  and  drift,  but 
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careful  tests  have  shown  that  the  combined  average  loss  from 
these  caiises  is  between  1  and  2  per  cent  o£  the  amount  of  water 
sprayed,  the  spray  particles  being  sufficiently  heavy  to  settle 
within  the  pond  limits. 

Spray  Nozzles. — An  important  feature  of  a  spray  pond  is 
the  spray  nozzles.    The  object  of  these  nozzles  is  to  produce  a 


a  rapid  rotating  m 


fine,  uniform  spray  at  low  operating  pressure  without  clogging. 
They  are  provided  with  removable  turbine  centers  having  large 
passages. 

In  one  design,  as  shown  in  fig.  5,737,  the  turbine  center  is  of  such  shape 
as  to  impart  a  rapid  rotating  motion  to  the  liquid  passing  through  it, 
producing  a  strong  centrifugal  action  and  causing  the  liquid  to  break  up 
into  a  fine  spray  as  it  leaves  the  nozzle.    In  this  nozzle  at  5  lbs.  pressui^ 
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the  spray  issues  forth  in  the  form  of  an  inverted  cone  composed  of  fine 
particles  that  will  settle  within  the  spray  pond  limit.  At  7  lbs.  pressure 
the  liquid  is  broken  up  into  a  mist  producing  maximtun  cooling  effect  at 
low  pressure. 

Another  type  of  spray  nozzle,  as  shown  in  fig.  5,738^  the  turbine  center 
has  a  central  driving  jet  which  impinges  on  the  rotatmg  water  at  the  ori- 
fice, causing  it  to  be  ejected  as  a  fine,  dense  uniform  spray. 


2.  COOLING 
TOWERS 

Where  ground  is  extremely  valuable,  as  in  large  cities,  or  is 
not  available,  necessitating  the  placing  of  the  cooling  apparatus 
on  the  roof,  cooling  towers  are  used  because  they  occupy  the 
least  amount  of  space  for  a  given  cooling  capacity. 

A  cooling  tower  may  be  defined  as  an  apparatus  designed  to 
remove  from  condensing  water  as  much  heat  as  can  possibly  be 
abstracted  per  unit  of  space  occupied  by  the  apparatus.  Evidently, 
then,  the  methods  employed  to  accomplish  this  are  not  the  most 
economical,  and  hence  the  cooling  tower  must  be  regarded  as  an 
evil  necessary  to  meet  the  exigencies  of  the  case. 

Essentially,  it  consists  of  a  tower  or  stack,  from  the  top  of  which  the 
heated  circtdating  water  is  sprayed  over  a  cellular  construction  of  brush- 
wood, earthenware  pipes,  wire  mats,  diaphragms  or  other  baffles,  designed 
to  expose  the  water  to  the  cooling  influences  of  the  atmosphere  while  in  a 
film  or  fine  rain,  the  process  being  assisted  by  the  evaporation  of  part  of 
its  bulk.  Counter  air  currents  are  maintained  by  side  ventilation,  natural 
draught  (using  the  tower  as  a  chimney),  or  by  a  fan  blast.  The  cooled 
water  collects  in  a  tank  or  sump  within  the  foundations,  and  its  decrease 
by  evaporation  is  made  up  from  the  public  water  mains  or  a  well. 

Cooling  towers  may  be  classed 

I.  With  respect  to  the  nature  of  the  water  baffles,  as 
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a.  Brushwood. 

b.  Earthenware. 

c.  Wire  mat. 

d.  Wood  checker  work,  etc. 


2.  With  respect  to  ventilation,  as 
TRAKSVERSt  FEEDER 


Pig.  S,T36. — Open  natural  draught  brmhwood  coolioB  tower.  This  is  about  the  siinpleet 
foTja  of  tower,  being  of  veiv  ordinary  canstmctuni.  an  eiamDle  of  this  Idod  of  Uma  being 
shown  io  fig  G,740. 

a.  Natural  draught  (open). 

b.  Induced  draught  (dutrmey). 

c.  Forced  draught  (fan). 

d.  Combined  forced  and  induced  drau^t. 

Figs.  6,739  and  6,740  show  an  open  natural  draught  tower  of  ordinary 
construction.  In  exposed  windy  places  where  the  water  is  liable  to  be  blown 
out  through  the  sides  of  the  tower,  louvred  sides  are  provided  as  shown  in 
fig.  6,741.  The  natural  draught  tower  must  of  necessity  be  of  larger  dimen- 
sions than  the  forced  draught  type,  but  the  expense  of  fan  operaticai  is 
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An  induced  draught  or  chimney  tower  is  Shown  in  fig.  5,742,  illuatrating 
the  fiue  or  chimney  above  the  cooling  stacks,  which  induces  a  draught. 
The  dosed  flue  or  chimney  is  of  considerable  height,  erected  above  Uie 
portion  of  the  tower  containing  the  cooling  surface  and  the  water  distribu- 
tion system,  the  openings  at  the  bottom  of  the  tower  permit  the  entry  of 
the  air  currents  and  the  air  flow  is  produced  by  the  difference  in  temperatise 
ensting  between  the  top  and  bottom  of  the  structure. 

It  is  occasionally  advantageous  to  utilize  a  combination  tower  consistioE 


Fio.  S,710.— Open  nstuial  diaught 
CDoUng  tower  does  not  repreaent  goad  eneineEring,  as  the  &am«  result  coitld  bo  accomplisb&d 


Oi  an  enclosed  structure  with  a  chimney  or  Sue  mounted  over  same,  and 
having  a  fan  as  shown  in  fig.  6,744.  A  tower  of  this  kind  is  larger  and 
more  expensive  than  the  regular  forced  draught  type,  but  has  the  advan- 
tage, that  on  light  loads  or  under  very  favorable  atmospheric  conditions 
the  fan  can  be  shut  down  and  large  doors  in  the  base  of  the  tower  may  be 
opened,  when  a  very  fair  degree  of  cooling  is  obtained  on  the  induced 
'■itught  principle.     Generally  speating,  however,  the  increased  first  cost 
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and  the  increased  space  requirements  do  not  warrant  the  adoption  of  this 
^pe  in  preference  to  the  open,  or  forced  draught  tower. 

To  secure  the  maidmimi  coolin?  capacity  within  a  given  space  a  forced 
draught  tower  is  used,  an  example  ot  which  is  showa  in  fi^.  5,746.  The 
sides  of  the  tower  are  closed  and  the  air  is  deUvered  to  the  mtfiior  of  and 
forced  throng  the  tower  by  fans  which  are  usually  located  on  opposite 
sides  as  shown. 


I'M.  6,741. — Wheeler  louTTo  wall  natural  draught  cooUag  tower  showins  arrangement  of  water 
distributioo  EjrsteiiL  and  cooling  surface.  The  water  is  delivered  into  one  or  more  lonsitudinal 
foedeia  at  the  top,  extending  its  entire  lerath  and  connecting  with  a  distribution  system 
consisting  of  a  multiplicity  oEdistributots,    The  latter  are  V-shaped  and  the  water  flows  from 

under  side  of  each  distributing  trough,  the  entire  system  "-line  constructed  of  cypress  of 

whSethotoweris  in  operation.  From  the  distributors  the  water  lalis  over  tows  of  wood  of 
cypieaa  wood  strips,  laid  with  attcroate  rows  staggered  so  that  no  water  can  drop  more  than 
a  feir  iiichea  without  being  broken,  affording  on  efficient  aprayioe  effect.  The  louvre  side 
walla  permit  free  passags  oE  the  air  in  a.  lisht  breeic.  yet  arresting  the  spray  in  a  strong 
iriad  and  thenby  laviqg  water  and  inconvenience  to  adiacent  property.  Where  towers  an 
located  closa  t«  residences,  the  louvres  are  spaced  more  closely  on  the  side  nearest  the  adja- 
cent buiMingi.  thereby  tendering  the  spTaying  negligible.  The  main  framework  is  of  yellow 
pine  vateriMOOfed  by  impregnstmg  carbohncum  compound  at  high  temperature. 
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supporting  frame  work.  The  inner  surfaces  of  the  housing  in  a  well  designed 
tower  should  be  made  accessible  by  removable  strips  inside  of  the  tower, 
these  being  laid  loosely  on  the  horizontal  racks  so  that  a  painter  can  start 
at  the  top  of  the  tower  and  work  downward,  by  Bimply  removing;  and 
replacing  the  wood  strips,  checkerwork,  or  trays,  using  them  as  a  platform 
on  whii^  to  stand.    The  importance  of  this  feature,  facilitating  proper 


pense,  will  be  appreciated 
when  it  is  considered 
that  with  some  types  it  is 
practically  impossible  to 
paint  the  inner  surfaces 
after  the  tower  is  cmceput 
in  operation. 

Coolii^  Effect.^The 

cooling  effect  is  due  to 
three  causes: 

1.  Radiation  from  the 
sides  of  the  tower. 

2.  Contact    of    the 
water  with   the    cooler 

air. 

3.  Evaporation  of  ike 
"'     water. 

The    first     cause     is 

i,      practically  negligible, 

the   second    may    vary 

from  i/s  to  1/,  of  the 

entire    effect,   and     the 

third  is  the  chief  eSect 

^^  which    may    be    easily 

'pt     calculated. 

Example— A  certain 

I      tit      r     tn        "thrio™*        condenser  reqnires  100 
iraugni  cooimgio  lozisMa         ^^^^  ^  water  per  minute. 
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whichisdischat^edatllO",  and  it  is  desired  to  cool  it  to  70°  F.  What  will 
be  the  evaporatioa  in  the  cooling  tower? 
The  total  heat  to  be  abstracted  from  the  water  per  minute  is 
lOOXOlO— 70)  -4,000  BJM. 

Now,  if  say  20%  of  the  cooling  effect  be  due  to  radiation  and 
convection  or  contact  ot  the  water  with  the  cooler  air,  then  heat  to  ba 
removed  by  evaporation  is 

4.000x{100%— 20%) -3,200  B.i.u. 


Fic.  6.7*8  and  6.7M.— Tj^ies  of  wood  ghoclcer  wotli  uied  in  eooline  towers. 

At  110°    the  latent  heat  of  evaporation  is  l,030B.t.u.,  hence 
evaporatioa=3, 200+1, 030=3.1  lbs.  per  minute  • 

Each  pound  of  free  air  absorbs  2.375  B.t.w.  while  its  tempera- 
Hire  is  raised  10  degrees.  Thus  the  temperature  difference 
between  the  water  and  the  entering  air  limits  the  heat  transfer 
by  convection.    For  every  l,OOO.ff.(.M,  of  heat  transferred  in  this 

•NOTE. — Bearine  in  mind  that  the  Ulent  h™t  ataorbed  b/  the  cooling  water,  while 

tower  when  e»»ponHbig  «ne  pound  ot  water,  the  quantity  of  water  evaporated  will  equal  the 
niiantitv  fnndflnBed.  lesB  the  pert^ntBEQ  of  heat  removed  by  convection  and  direct  radiation. 
B,  tbe  coolinff  tower  has  to  evaporate  a  quantity  of  water  equaling  75  to  S5  per 


at.  of  the  wei^t  of  ateun  fcoTTcspondins  tc  the  feed  water)  pasaing  thivujih  th 
"**  ■   ' '  *»  replaced  by  afresh  auppHr. 
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manner,  422  pounds,  or  about  5,600  cubic  feet,  of  air  must  be 
brought  in  contact  with  the  water  and  warmed  10  degrees,  or 
2,800  cubic  feet  20  degrees,  etc.  The  same  volume  of  air  will 
absorb  an  additional  and  much  larger  qtiantity  of  heat  through 
evaporation.  Eachpoundof  air  entering  the  coolingtower  at  72° 


Fic.  6.T4S.— Wbedei  combined  forced  and  induced  diwight  cooling  tower. 

with    70%    saturation,   and  leaving   saturated    at   102°    will 
absorb  only  7.25.I.M.  by  its  rise  in  temperatiire,  but  28.7  B.(.«. 
the  water  it  evaporates. 
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As  the  cooling  capacity  of  the  air  is  limited,  it  is  clear  that  an 
economical  installation  must  provide  means  by  which  a  large 
quantity  of  air  can  be  brought  in  contact  with  the  water  spray 


Flo.  6,746. — Wheeter  forced  draught  oooliiw  tower  showing  faoa  Bud  watBr  diatrihuting  system. 
Th€  exttrlor  corulructton,  cansiating  of  the  supporting  framework  and  the  housing,  ou/ 

beofather  wood  or  metal,  the  wood  conatrv-" — *■- —   -' -l- .-__- !—     i_ 

the  ease  of  the  wood  construction  tte  fiam 

carboUoeuTU  Dreeervative  compound  treatment.  In  tho  case  ot  themeuii  ununruuuon,  vnc 
bousing  conslata  of  tnetal  aheeU  protected  by  sevEral  coats  o(  asbestos  and  asphaltum  applied 
by  a  spodAl  process,  and  the  frsme  worle  is  of  heavy  structural  steel  to  which  the  housing  is 
boltad  on  tM  ioiidei  theiebr  protecting  the  frame  work  from  corrosion  by  the  water  in  th' 
town.    The  fuu  ve  enclosed  in  hoods  projecting  at  opposite  ends  of  the  tower. 
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and  quickly  removed,  after  having  been  wanned  and  saturated, 
to  give- plapQ  .to^  fresh  supply  of  air. 

.  The  foregoing  discloses  the  relation  of  the  heat  to  be  extracted 
from  the  wajer  and  the  amount  of  air  required  to  absorb  that 
heat/both  directly,  and  by  evaporation. 


Pig.  5.747. — Burhom  cooling  tower  construction;  diilributim  duh.  At  the  top  of  tbe  tower  b 
provided  a.  feeder  placed  in  the  center  of  the  tower,  and  running  nearly  the  lull  lenath  of  the 
towtr  0T1  its  longest  dimension-  At  right  angles  to  the  main  trough  and  esLtendinif  at  both 
adesof  the  trough  are  a  aeries  of  distributers  into  which  the  water  from  the  feeder  dischaives. 
—  "■■ .   The  feeder  consists  of  a  steel  boi  divided  into* *■■■' -"'-  ' ■■-^r... 


Kition.    The  water  enters  at  either  end  thiough  a  tapped  flange.    One  of 
lugged  and  will  serve  in  cleaning  out  the  lower  comiurtcaent.    A  series  of  vertical  pi 
is  furnished  ia  the  partition.  &nd  the  water  issues  from  these  pipes,  which  ore  adjustable 


can  be  regulated  to  distribute  uniformly  throughout  the  length  of  tl 

Irough.  The  two  sides  of  the  trough  ore  notched  at  intervals.  Through  these  notches  tt 
water  overflows  into  the  distributing  tfonghs.  The  feeder  is  made  of  heavy  steel  plate  ar- 
thoroughly  painted  at  the  shop  before  Ehujment.  A  steel  wall*-way  is  provided  running  " 
full  length  of  the  tower  along  side  of  the  feeder,  giving  access  to  the  regulating  pipes  in 
feeder,  and  to  all  portions  ofthe  tower  at  the  top.  A  steel  ladder  is  provided  to  give  w 
to  the  wall£-w3)'  from  the  base  of  the  tower.  Tlie  distributers  are  notched  on  the  sides  the 
fu^l  length,  at  mtervals.  and  the  water  ovuilows  thjoagh  th«e  notches  to  the  trou^-de^ 
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e  and  consequently  a  higher  vacuum. will 


1^-  0.748. — Buthom  cooling  tower  coQAtruction;  tratghdak.  The  trough  deck  system  ia  nudo 
up  of  unit!  of  pEoper  bIza  and  iJaced  lide  tw  lide  k>  ai  to  Riv«  the  proper  area  to  Buit  tlia 
capadtyof  the  tower.  Each  unit  consists  of  a  series  of  paiulel  trou^  notcbed  on  the  two 
nda.  Theae  paiallel  troughs  rest  on  a  Dmilar  ■eriea  of  paraHa]  ani^epwcea  numinE  at  n^t 
anglM  and  bolted  together  with  H  in.  bolts  and  double  washers,  llie  angle  pieces  stiOen 
the  tiotlffhs  HO  that  they  will  maintain  thefr  level  when  full  of  water,  and  will  also  bear  thu 
wnght  of  a  man  without  deflectiou.  The  varioua  units  are  botted  to  channel  icon  beams  by 
HKfioa  c€  caat  iron  ctEps  and  through  bolts,  thus  lequirins  no  punching  of  the  steel  frame 
work.  The  trough  deck  STStem  erected  level  will  cauBe  the  water  to  seek  its  level  in  the 
traugfas  Twardless  of  how  it  enters  the  troughs  fiom  above,  and  the  water  being  level,  pfilt 
naturally  leave  the  trooghs  through  the  notches  throughout  its  entire  length  uniforrnlT-. 
The  water  from  each  notch  wUl  struce  the  top  of  the  supporting  angle  at  the  center  and  will 
tend  to  flow  down  both  sides  of  the  angle  pieces  in  equal  proportion.  The  arrangement  of 
troughs  and  angle  pieces  at  right  angles  will  prevent  water  paasing  directly  thi^ugh,  but 
will  enable  n  frea  paasage  at  air  up  and  around  all  parts  of  the  angles  and  the  troughs, 
thus  exposins  the  water  to  the  air  under  favorable  conditions.  The  trough  decks  are  arran^ged 
in  Bcriea  ona  directly  below  the  other.  The  tnughs  in  one  deck  are  arranged  to  run  at  right 
angle*  to  those  in  the  deck  above  and  below.  This  method  will  rectify  the  diatribution  of 
the  water  from  dock  to  deck,  as  the  tendency  of  the  wind  is  to  blow  the  water  to  the  leewaid 
side  of  the  tower.    Without  such  rectificalion,  the  water  concentrates  at  the  leeward  aide  of 


o  the  surrounding  i 
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Evaporation  and  convection  take  place  on  the  surface  of  the  water  only; 
it  is,  IJierefore,  essential  to  break  up  the  water  as  thoroughly  as  posable 
durine  its  travel  from  the  top  of  the  tower  to  the  tank  beneath .  This  process 
must  oe  repeated  as  often  as  possible,  so  that  no  individual  drops  or  streams 
win  remain  long  undisturbed,  as  this  would  permit  their  surfaces  to  cool 
without  refrigeratii^  the  inner  portions.  This  is  accomplished  by  allowing 
the  water  to  drip  over  a  series  of  obstacles,  rapidly  brealSng  up  and  reform- 
ing the  drops,  so  that  the  entire  water  supply  to  the  tower  is  converted 
into  slowly  faihng  spray. 

Location  of  Cooling  Towers. — These  may  be  located  either 
at  the  grotind  level  or  on  a  roof  or  other  elevated  structure, 


Pics,  S.71S  sjid  S,7S0. — Bnrhom  cnoling  tawu  njostmction;  Uaare  sysltm. 

depending  upon  the  space  available  and  other  local  conditions. 
Among  the  advantages  of  the  ground  level  installation  are: 

1.  Simplicity  of  foundation  and  reservoir  construction. 

2.  Shorter  pipe  lines,  resulting  in  lower  first  and  operating 
costs,  and 

3.  Localization  of  possible  spray  during  high  winds. 

With  reference  to  cooling  towers  of  the  natural  draught  design, 

an  elevated  location  is  sometimes  to  be  preferred  because  of  i 

1,  Unimpeded  circulation  of  the  air  currents.  | 
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2.  Utilization  of  otherwise  unoccupied  space. 
The  question  of  the  pumping  cost  in  the  case  of  elevated 
towers  must  be  given  consideration.     With  a  surface  condenser 


Pig.  6.761. — Bauer  omnbined  forced  and  induced  draught  tower  as  erected  (or  Sichmond  Cold 
Storage  Co.,  Richmond,  Va.    Capacity,  6C0  gallons  per  minjle. 


NOTE.- 
condMiMTS  is  pumpea  lo  tne  top  ol  a  tower,  which  is  usually  tilled  witli  wooden  or  tite  checket 
work  orgalvamied  !t«]  wire  screens.  The  water  in  its  passage  down  through  the  checker 
work  presents  a  laige  evaporating  surface  to  the  sir  flowing  upward  through  the  tower,  the 
cooling  of  the  water  being  efTected  principally  by  the  evaporation  of  a  fmall  portion  of  it 
In  theom.  the  action  a  similar  to  that  of  a  humidifier.  The  sir  will  leave  the  top  of  the  tower 
90  to  100%  saturated  and  5  to  15  degrees  lower  than  the  temperature  of  the  enterinR  water 
^""h^  e§i^i^re^h^^°h''*'th^'™  ""Vl^^"  '"""  'p"P«=t"«-     ^l"  ''"ill  of 

^ia?^c''Mtas«^"f^t£,*Sven"cojdh'ton.*"^^ 

the  degree  to  whwh  they  approach  this  limit.     Published  tests  indicate  that  thV^S  i' 

^''^^Tv^J^  Cf-^X^r/S'&^r""  "^'  *^  "PP-'xin^tcly  30  to  50?t 
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the  ascending  and  descending  water  columns  balance  each 
other  as  far  as  the  reservoir  under  the  tower,  and  the  addi- 
tional pumping  cost  is  only  that  occasioned  by  the  friction  in 
the  increased  length  of  pipe  lines,  which,  with  pipe  lines  of 
ample  size,  is  a  relatively  small  item.  With  the  jet  type  of 
condenser,  however,  an  elevated  location  of  the  tower  is  unde- 
sirable, for  obvious  reasons. 


ELEVATORS  3,203 


cww 


CHAPTER  88 
ELEVATORS 


'  I      •■         ' 


During  the  last  fifty  years  the  elevator  has  developed  from  a 
rather  crude  affair  to  a  highly  efficient  machine.  This  develop- 
ment has  been  due  to  the  gradually  increasing  height  of  buildings 
and  the  demand  for  high  speed  service.  Starting  with  the  primi- 
tive hand  elevator,  which  was  confined  to  the  handling  of  freight, 
one  feature  after  another  was  added  as  the  necessities  of  the 
service  demanded. 

The  great  variety  of  service  conditions  has  resulted  in  a  multi- 
plicity of  elevator  types,  and  these  may  be  classified, 

1.  With  respect  to  the  motive  power,  as 

a.  Steam. 

b.  Hydraulic. 

c.  Hydro-pneumatio. 

d.  Electric. 

2.  With  respect  to  the  application  of  the  power  at  the  car,  as 
a.  Pltinger. 

3.  With  respect  to  the  location  of  the  power  unit,  as 

a.  Over  mounted  (overhead). 

b.  Under  mounted  (basement), 

4.  With  respect  to  the  drive;  as.      ■  >. 
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a.  Drum, 

b.  Traction. 

c.  Worm. 

d.  Belt. 


5.  With  respect  to  the  velocity  ratio  between  motor  and  car,  as 


a.  Direct  drive. 
6.  2  : 1  reduction. 
£.  Multi-reduction. 


6.  With  respect  to  balancing  the  load,  as 


7.  With  respect  to  control  (electric  elevators),  as 
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a.  Non-reversible.  /.  Full  nuiKnet. 

b.  Reversible.  g.  Push  button, 

c.  Mechanical.  h.  One  speed. 

d.  Semi-mechanical.  J.  Two  speed. 

e.  Semi-magnet. 


Pio.  S.TSS.— Reedy  vertical  two  cylinder  oscllladng  Etcam  trftctioo  elevator, « 

8.  With  respect  to  service,  as 

a.  Passenger.  '    - 

b.  Freight. 


U^  ELEyATORS 

Steam  ElevatMS.— According  to  Jallings,  the  first  direct 
application  of  st?am  to  the  operation  of  elevators  which 
occurred  in  the  sixties,  seems  to  have  been,  as  far  as  economy  of 
power  was  concerned,  as  successful  as  any  subsequent  effort. 
Jjater  more  compact  machines  were  devised,  but  most  of  them 
were  very  inefficient. 


Fig.  S.7M.— pnun  dHve  or  method  of  tranarnitting  pomr  fram  tbs  pomrnoit  to  the  or tn 
liftB.  owing  to  tbelari^  sin  of  drum  neccraary. 

Drum  Elevators.— The  term  "drum"  applies  to  all  elevators 
in  which  the  cables  leading  from  the  car  are  both  fastened  to 


or  our  gear  twpei.    Id  tut  7e«r  Uw  fint  pannucr  duntor  ms  untiled  in  tbe  Aetor  Hook 
inNei>YMk<3ty.    It  wu  one  at  the  two-belted,  vonn  Rear  type,  and  iti  ipMd  mi  onlr  SO 
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and  -ivountt  upon  a  drum.  The 
essential  features  craisist  of  a  drum 
operated  throui^  gearing,  and  to 
which  is  attached  the  cal^  which 
support  the  car,  as  ^lowii  in  ^. 
5,7M. 

Power,  when  applied  to  the 
driving  gear,  turning  it  in  one 
direction ,  winds  the  cables  upon  the 
drum  and  causes  the  car  to  ascend, 
and  when  the  power  is  reversed, 
the  drum  turns  in  the  opposite 
direction,  paying  out;  the  cables, 
and  causing  the  car  to  descend. 

The  weight  of  the  car  is  balanced 
by  a  coimterweight,  thus  redudi^ 
the  energy  to  be  expended  in  oper- 
ating the  car.  Automatic  devices, 
to  be  described  later,  are  used  to 
insure  the  proper  and  safe  control 
of  the  movements  of  the  car. 


Pic.  6.TSS. — Ustul  metho. 

joined  to^ndnun  D,  ii — „_  ,,  ._  , 
the  drum  in  the  opposite  direction 
anchored  thereto.  AjA  the  dxuin  to 
dirtctions;  the  one  aet  ii  th«n£ore 
unwinding  of  the  other  set.      ThH  c 

load  i«  bBinsf  eairiod  by  the  mt,  the 

only  fiui&cient  pover  to  start  the  i 

With  H  liva  iDBd  in  eidesa  of  the  »«._. 

■        ■  ■        ■  ■■      ,  -  „it.     Th, 

n  laaO.  the  power  aupphed  1 
er  of  pounds  lefiKBeiited  by 


cDuBteibalsnco  which,  as  previously  a 
and  itB  Aituns  plui  th«  weight  of  the 
the  tvcraec  jobQ  Mmed  by  la  elevilor 
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Ques.    How    is    the   counterbalance    usuaUy    propor- 
tioned for  drum  elevators  ? 

Ans.  It  is  made  heavy  enough  to  balance  the  car  with  its 
average  load. 

Ones.    Why? 

Ans.     To  avoid  gravity  work  as  much  as  possible. 

Thus  with  average  load,  very  little  power  is  required — just  enough  to 
'  ^overcome  the  friction  of  the  system.  It  should  be  noted  that  with  this 
arrangement,  the  counterweight  is  heavier  than  the  car,  and  while  power 
will  be  required  to  produce  a  downward  movement  of  the  empty  car,  the 
work  done  in  raising  the  car  with  full  load  is  only  equal  to  the  weight  d 
half  the  load  (including  friction)  plus  the  distance  raised. 

Ques.  In  construction  what  advantages  result  from 
placing  the  drum  overhead  ? 

Ans.  It  gives  direct  transmission,  that  is,  no  pulleys  are 
required  between  drum  and  car,  also  the  drum  may  be  so  located 
that  one  face  of  the  dnrni  is  over  the  center  of  the  car,  and  the 
other  face  over  the  counter  balance,  thus  allowing  the  car  cables 
to  be  fastened  at  one  end  of  the  drum  and  the  counterbalance 
cables  at  the  other  end  of  the  drum  grooves,  the  car  cables 
occupying  the  entire  surface  of  the  drum  when  the  car  is  up,  and 
the  counterbalance  cables  following  alongside  of  them,  occupying 
the  eiitire  drum  surface  when  the  car  is  down. 

The  arrangement  of  placing  the  machine  or  "engine"  as  it  is  called, 
■  that  is,  the  power  unit  in  the  top  of  the  elveator  shaft,  is  peculiarly  adapted 
to  the  electric  elevators,  when  the  power  is  easily  conveyed  by  electric 
conductors  to  the  motor.  The  dnim  machine,  whether  over  or  under 
mounted  in  nearly  always  overbalanced  as  the  saving  in  gravity  work  com- 
pensates for  all  friction  and  any  extra  first  cost  that  might  be  received. 

Ques.    State  an  objection  to  drum  elevators. 

Ans.     There  is  lack  of  absolute  means  of  stopping  the  drum 
n  the  car  or  counterbalance  gets  to  the  top  of  the  shaft. 


ELEVATORS  3,209 


Automatic  safety  devices  are  provided  to  shut  off  the  power  and  apply 
the  brake  when  the  car  is  near  its  limit  of  travel.  These  devices  are 
adjustable,  can  be  removed,  and  may  get  out  of  order  when  neglected 
by  those  in  charge. 


Ques.  For  what  service  are  drum  elevators  not  suited , 
and  why? 

Ans.  For  very  high  lifts,  because  of  the  very  large  size  of 
drtun  necessary  to  take  the  cables. 

Traction  Elevators. — This  type  of  elevator  derives  its  name 
from  the  fact  that  motion  is  obtained  by  means  of  the  traction; 
that  is  to  say,  the  friction  existing  between  the  driving  pulley 
and  the  hoisting  cables.  In  order  to  produce  the  necessary 
tension  for  this  result,  the  hoisting  cables,  from  one  end  of  which 
is  suspended  the  car,  and  at  the  other  end,  the  counterweight, 
pass  twice  partially  around  the  driving  drum  and  only  once 
around  the  idler,  although  frequently,  before  leading  into  the 
shaft,  they  are  deflected  by  the  idler  in  order  to  lead  them 
pltunb  over  the  counterweight.  This  accoimts  for  the  necessity 
of  having  the  same  number  of  groove  on  each  drum. 

It  should  be  noted  that  the  grooves  are  straight  for  traction 
elevators  and  spiral  for  drum  elevators. 

The  term  "gearless"  is  sometimes  ill  advisedly  applied  to 
some  form  of  traction  elevator,  meaning  that  the  power  is 
transmitted  to  the  car  without  toothed  gears;  it  is  in  fact, 
transmitted  through  cables  and  pulleys  which  is  in  fact  a  form 
of  gear. 

There  are  two  forms  of  the  so  called  gearless  traction  elevators: 
the  1  to  1  or  direct  drive  type  shown  in  fig.  5,766  and  the  2  : 1 
reduction  type  shown  in  fig.  5,757.  A  third  form  of  traction 
elevator  known  as  a  multi-reduction  or  worm  drive  is  shown  in 
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Fig.  6,756. — Dtrect  (1 :1)  traction  drive  or 
method  of  transmitting  power  from  the 
]X)wer  unit  to  the  car  by  means  of  fric- 
tional  contact  of  the  cable  in  i^assing  one 
or  more  times  around  the  dnve  pijdley. 
This  arransement ,  since  it  does  not  employ 
a  drum  where  size  has  to  be  oonsidoied, 
can  be  used  for  lifts  of  any  heights,  and 
is  the  prevailing  type  today. 
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Pig.  5,757.— Geared,  or  2 : 1  fric- 
tion drive,  or  frictional  contact 
transmission  with  reduction 
gear  pulleys— «  type  used  for 
moderate  sp^ed  elevators. 
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fig.  6,759,  the  essential  features  of  each 
being  menticmed  tinder  the  illustrations. 

By  comparing  the  three  figures  it  is  obvious 
that  the  direct  drive  madime  (fig.  5,756)  is 
suitable  for  hi^h  speed  service;  that  the  2  : 1 
reduction  machine  (fig.  5 ,757)  is  an  adaptation 
of  the  direct  drive  type  permitting  of  slower 
car  speeds;  the  multi-reduction  type  (fig. 
5,759),  permitting  the  use  of  small  high  spe^ 
motor. 


DRIVING  PULLEY 

THRUST 
6EARIN6 


Pig.  6,759.— Diagram  of 
an  overmountod  trac- 
tion elevator  with 
multi-reduction  o  r 
worm  drive.  The 
traction  feature  is 
identical  with  fig. 
6,757.  Attached  to 
the  driving  pulley  is  a 
gear  which  meshes 
with  the  worm  under- 
neath ,  the  latter  being 
direct  connected  to 
the  motor.  Clearly, 
the  worm  gives  a  large 
velocity  reduction 
permitting  the  use  of 
a  high  speed  motor. 
The  magnetic  brake 
being  located  to  act 
on  a  brake  pulley  at- 
tached to  the  fast 
revolving  motor  shaft 
gives  considerable 
braking  power  light 
grip  on  the  brtuce 
pulley.  The  action 
of  the  single  worm 
gear  is  su^  as  to 
require  a  thrust  bear- 
ing, as  later  explained 
in  detail. 

Pig.  5,758.— Elevator  safety  consisting  of  wedges  forced  apart  by  right  and  left  hand 
threads  turned  by  a  drum .  Thia  method  gives  a  varying  pressure  which  gradually  ixicpessefl 
as  the  drum  turns,  and  consequently  produces  an  increasing  retardation  of  the  taatkm  of  the 
car  The  governor  A,  is  bolted  t6  the  beams  at  the  head  of  the  ^laft ,  and  is  oonnected  by  the 
xopes  C.  and  G,  with  the  drum  D.  shown  in  the  plan  of  tiie  bottom  of  the  car,  looking  upward. 
TheioDe  C.  passes  over  the  fioveroor -wke»  A,  «nd  aiound  tise  wheel  A.,  which  latter  cames 
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j£ove  the  fid&t  at  which  the  govecnor  is  eet.  the  arm  B,  of  the  governor  flies  out  and  gnos 
Iftia  moe.  i»ev8Stii«  its  further  jnoveoient.  ^  As  the  otf  o^ 
K  is  fSoSTto  release  its  frictionalh<M  on  the  tope  C,  which  lartAer 
to*tam     AdehtandkfthandmitiflatdeafthetlstimD.isfhttBtimMd.^ 
twDSOBW^uJtB  PP;  thMoacttag  on  the  WBd0esHH.  and  steel  )aws£EB£,Gause  the  latter 
to«ripthe««fafiiaaNNtJmd«nMiMaUyst«  The  jaws  may  be  released  from  tb« 

,  ^  f.fiwnff  trU  drmn  u,  in  the  opposite  directum  to  that  m  which  the  rope  rotated  it  - 
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The  multi-reduction  type  of  which  fig.  5,805  shows  one  form  permits 
the  use  of  a  small  high  speed  motor  for  operating  a  slow  or  compara- 
tively slow  car.  Because  of  the  high  velocity  reduction  ratio  of  the 
ytorm.  gear,  it  is  self-lockine,  that  is  to  say,  although  the  worm  and 
gear  unit  permits  motion  to  be  transmitted  from  the  worm  to  the  gear, 
no  load  that  could  be  put  on  the  car  would  be  heavy  enough  to  cause 
motion  to  be  transmitted  from  the  gear  to  the  worm»  thus  no  change 
of  loading;  would  cause  the  car  to  descend,  and  consequently  no  car 
locking  (^vice  is  required. 

Ques.    State  some  advantages  of  traction  elevators* 

Ans.  The  traction  elevator  may  be  used  for  lifts  of  any  height, 
because  it  does  not  employ  a  winding  drum  whose  size  has  to 
be  considered;  the  compact  and  simple  arrangement  of  parts 
permits  of  simplicity  of  installation  and  economy  of  space 
especially  when  over  mounted. 

Ques.  What  difficulty  is  sometimes  experienced  with 
traction  elevators? 

Ans.    Slippage. 

With  all  traction  elevators,  there  is  the  danger  of  slippage  of  the 
cables  on  the  driving  drum,  especially  if  the  cables  become  greasy. 
This  slippage  is  most  noticeable  when  the  operator  endeavors  to  stop 
in  descending  with  a  heavy  load,  with  the  result  that  on  high  speed  cais 
when  attempting  to  make  a  quick  stop,  the  car  sometimes  slides  past 
the  landing  even  to  the  extent  of  one  or  more  stories. 

The  fact  that  the  traction  drive  is  not  a  positive  drive  is  a  safe- 
guard for  the  reason  that  cable  strains  can  never  increase  beyond  a 
certain  limit,  well  within  the  factor  of  safety  of  the  cables  and  fastenings. 
This  means  that  the  danger  of  the  car  or  weight  dropping,  as  a  result 
of  being  pulled  into  the  overhead  work,  and  thus  breaking  cables  or 
fastenings,  is  eliminated. 

The  Car. — There  are  two  general  classes  of  elevator  car: 
freight  and  passenger;  these  of  course  vary  considerably  in 
design. 

Freight  elevator  cars  are  made  of  wood  or  iron,  with  iron  braces  and 
fixtures;  their  platforms  are  seldom  enclosed,  and  their  design  is  usually 
of  the  simplest  nature.  Cars  intended  for  passenger  service  are  enclosed 
by  a  cage  of  wood  or  iron — preferably  of  the  latter  materi&L 
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In  general,  elevator  cars  should  be  constructed  wholly  of  metal  for 
■afety  in  case  of  fire.  Wrought  iiaa  grill  work  is  lai^ely  employed 
for  the  sides  and  top^  of  passenger  cars,  as  it  is  not  only  fire  prcx^  but 
provides  for  ventilation  and  is  ornamental  in  appearance,  and  at  the 
s^me  time  substantial  and  of  light  weight. 

In  order  to  guide  the  car,  two  guide  rails  usually  and  preferably  of 
iron  are  mounted  vwtically  in  the  elevator  shaft,  and  over  these  rails 
fit  guide  shoes  that  ere  fastened  to  the  car.  These  guides  ace  usually 
placed  on  opposite  sides  of  the  car,  and  in  some  instances  at  the  diagon- 
ally opposite  camer&  In  the  former  case  the  installation  is  said  to  be 
cf  the  side  post  type,  and  in  the  latter  case,  of  the  comer  post  type. 


Fw.  5,760.— Tvi>i=n! 


The  Shaft. — The  enclosure  in  which  the  elevator  travels 
called  the  shaft,  and  sometimes  ill  advisedly,  the  hatchway, 
should  be  enclosed  with  iron  lattice  work  or  grill  work. 
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The  walls  should  not  be  solid,  because  the  solid  mclosurB  acta  aa  a 
chinmey,  in  case  of  fire  causing  the  fire  to  work  upward  from  floor  to 
floor,  rendering  escape  by  elevator  impossible.  A  better  lighted  and 
ventilated  shaft  is  also  obtained  with  openwork  construction,  of  the 


3  obtained  with  openwork  construction,  of  the 
shaft  and  of  the  doors  or  gates  opening  into  it. 

That  portion  of  the  shaft  enclosure  at  each  floor  should  be  carried 
tlie  full  neight  of  the  opening  between  floor  and  ceilinR  in  order  to  reduce 
the  possibility  of  acadent.  When  grill  work  is  tised  for  this  portion 
of  the  enclosure,  there  should  not  be  more  space  than  one  and  one-half 
inrftes  between  the  adjacent  parta  of  the  grill  work  to  prevent  objects 
being  thrust  through.  Throughout  the  interior  of  the  shaft  there  should 
be  no  projections. 


Tia.  5,761.— Sent w:in:u1«T 


in  votIc    With  tbis  cnaidng  of  the  "■♦"■tt  to 


In  buildings  where  more  than  one  elevator  ia  installed,  it  is  advisable 
to  enclose  each  elevator  shaft  separately  and  have  the  stairways  cut 
rft  from  the  elevator  hallways.  While  this  construction  is  not  usually 
followed,  the  reduction  in  the  fire  risk  that  is  otherwiae  present  and 
the  eliminatioii,  of  noises  caused  by  the  opening  and  closing  cf  t^ 

elevatcH-  doois,  commend  it  where  the  additic  

notpt^jUtiva 
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Hydraulic  £le^^tMS. — Water  as  a  medium  for  transmitting 
energy  has  been  extensively  employed  to  operate  elevatOTS,  and 
is  still  in  use  for  that  purpose  today.  There  are  two  general 
classes  of  hydraulic  elevators: 

1 .  Plunger  or  direct  drive. 

2.  Piston  or  geared. 

Plunger     or   Direct   Drive    Hydraulic    Elevators. — The 


Fis.  5.TS3. — Hachine  limit  stop  or  safety  device  pUced  on  the  machine  to  prevent  over  tmve] 
in  case  liie  ati^iB  on  the  shipper  rope  become  insctive  bythe  breaking  ol  the  rope.  Itcon- 
mUla  o/a  tbre«ded  eitension  A.  on  the  dium  shaft  upon  which  a  traveling  nut  E.  moves  in 

et  R.  ^hat  extends  over  the  threaded 


portion.    Owing  to  two  luos  on  the  nut  £.  whic^ 
move  onls-paraDel  with  tt      '    "     ■       -      ' 


sa  the  shipper  ro^e  &hea 


jtH.  there  are „_„. 

the  inner  aides  of  the  nute  V,  and  S,  when  E,  and  V.  or  E.  and  S.  come  together.  Cheek 
nuta  OB  the  outer  Bides  of  the  nuts  V.  and  S  securely  cUmp  the  latter  to  the  drum  shaft,  so 
that  when  the  nut  E,  enoages  either  with  V,  or  S,  it  wiU.  by  means  of  the  bracket  S.  shift 
the  ehipner  rope  sheave  N,  thus  cutting  off  the  current  from  the  motor  and  allying  the 

is  made  between  them  and  the  nut  E.  wbel  the  car  reachi 
cd  the  devica  will  stop  the  car  autocaatically  at  both  tbesi 

plunger  elevator  is  supported  from  underneath  by  a  steel  phmger 
instead  of  being  hung  from  above  by  cables,  although  cables  are 
attached  to  the  top  of  the  car,  leading  over  pulleys  at  the  top 
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Pig.  G,763,-^Rid^wa7  iteam  hydraulic  power  for  op«rstiiig  elevaton.  crtmeSi  Aud  vuious 
hoisU.  Power  IS  transmittsd  to  the  working  cylinder  by  means  of  the  water  under  pnsBm 
in  the  receiver  here  shown.    The  pressure  is  obtained  from  steam  admitted  to  the  top  of  tbt 

otthe  water  and  thesteam.    Toinsurc  the 'jiresenceofaproper  volume  of  siraninverted  bill 
check  valve  is  provided,  as  shown  on  the  rvEht,    In  operaliant  when  steal 

phere;  when  the  steam  or  air  is  enhausled »  Che  ball  drops  and  permita  any  c 

nected  by  a  link  as  shown,  operate  synchrunouslv.  that  if,  the  i^ater  '-al"* 
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of  the  shaft  to  counterweights.  The  elevator  is  started  by  the 
control  (lever,  hand  rope  or  push  button),  operating  a  valve 
which  permits  water  under  pressing  to  enter  the  cylinder  in 
which  the  plunger  hangs,  thereby  forcing  up  the  elevator.  By 
reversing  the  control  in  the  car,  the  water  is  withdrawn  from 
the  cylinder,  returned  to  the  discharge  tank,  the  plunger  gradu- 
ally descends  in  the  cylinder  and  the  elevator  comes  down. 


Fres.  5,764andS,785.-;-Guineycentrifut[al  safety  goveroM.    Pig.  S,784.  governor  under  nui- 

to  the  car  safelj'.     When  the  car  txceeda  a  predetermined  tpeed,  for  which  the  centrif- 
ugal governor  is  Adjusted,  the  car  safety  ia  automatJcaUy  brought  into  action,  gradua 

stoppinc  the  car  and  locking  it  securel/ to  the  guides  by  B  powerful  gi*--' -       " 

corrosive  melak  is  used  for  the  operating  parts  of  thta  devii 
condition  at  sU  times.    Thero  ai ■  ■"  "■-  " 


id  gnppiogpressure. 
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NOTE.-  _ .. 
or.  meaiured  in 
xt.    Thoh. 


n  hydraulic  elevator 
■ure  (700  to  2,000  lb 


6.787,  plunger  trt>e:  fig. 


NOTE.— IPafw  under  hlghpniuure  (700  to  2,000  lbs.  per  «q.  in.  and  opw»rd»  »ffoiiis 
•  satisfactory  method  of  transmittinR  power  to  a  distance,  especially  for  the  movement  of 
heavy  loads  at  smaU  velocities,  as  by  cranes  and  elevators.    The  system  conaists  usually  of  one 

.vily  weighted  plungers  passing  through  stuffing  bolea  in  the  upper  end,  by 
it  water  may  be  accumulated  at  the  pressure  to  which  the  plunger  la  woighted; 
Itina  pipes,  and  the  presses,  cranes  or  other  machinery  to  be  operated. — KiM, 

sd  in  foot  pounds,  is  its  volume  in  cubic  feetXiti  pressure  in  pounds  per  square 
.orsB  power  of  a  given  quanlity  steadily  flowing  is  H.P.  =144  *0/S50  -.3813 f>0. 

rA«  laefutefftcl  of  a  direct  hi^lraullc  plunger  or  ram  is  usually  taken  at  63ft. 
is  given  as  th-,  efficiency  of  a  ram  with  chain  and  pulley  multiplying  gear  property 
and  welllubricated:  gear  2  to  1.  efficiency  .8;  4  to  1—  78;  0  to  1— ,72^  S  to  1 
—  .63;  12  to  1^.59:  14  to  1— .54;  16  to  1— .5,  With  large  iheavea.  amall  tleel 
I  rope  for  multiplying  gear  the  efficiency,  has  been  found  aa  high  at  M%  for  a 
,0f20lol.— Xn". 
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PLUNGER  ELEVATOR  CONSTRUCTION  AND 
OPERATION 


DTmno.—A.  hole  is  drilled  into 
the  ground  by  driving  down  a  casing 
of  steel  pipe  and  removing  the  earth 
from  the  inside  of  it.  When  the 
casing  has  reached  solid  rock  a  short 
inside  sleeve  is  inserted  to  form  a 
joint  between  the  casing  and  the 
■rock  and  to  prevent  the  entrance  of 
mud  and  silt  into  the  well  hole.  A 
rotary  shot  drill  to  which  a  core 
barrel  is  attached  is  then  set  up 
inside  the  casing  and  the  drilling  of 
the  rock  is  begun  and  earned  down 
to  the  required  depth  by  bringing 
cores  of  rock  to  the  surface  as  they 
are  broken  OS  in  the  hole  filling  the 


Cgttnder. — This  is  made  of  steel 
tubing,  of  approximately  twenty- 
foot  lengths,  accurately  stra^ht- 
ened,  squared  and  threaded.  Butt 
joints  are  farmed  at  the  couplings 
to  secure  true  alignment,  smooth 
interior  and  exact  length. 

The  bottom  of  the  cylinder  is 
fitted  with  a  heavy  steel  plug, 
welded  in  filace.  The  entire  lengSi 
of  the  cylinder  is  coated  with  a 
preservative  preparation. 

The  top  of  the  cyhnder  is  pro- 
vided with  a  cylinder  head  contain- 
ing the  stuffing  box  through  which 
the  plunger  passes.  Here,  also,  the 
connection  is  made  to  receive  and 
discharge  the  water  that  acts  upon 
the  plunger. 


6,Tfl9. — Standard  plunser  elevator,  abowing  upper  sectioa  of  plunf^,  c 
iaht  wid  control  devices.  Very  abort  run  elevaton  such  as  tho  nde  m 
initerw«i«ht  and  ^ '  ' — '— '  ~  " 


Plunger. — The  plimger  consiais 
of  a  hollow  shaft,  closed  at  the 
bottom,  its  entire  length,  Uke  that 
of  the  cylinder,  being  also  dightly 
greater  than  the  travel  of  the  eleva- 
tor. It  is  made  of  steel  tubing  of 
convenient  lengths,  each  leagth 
being  carefully  straightened,  accur- 
ately turned  to  a  uniform  size  and 
polished.  These  sections  are  joined 
together  internally  b^  specially  con- 
structed threaded  nipples,  so  de- 
signed that  the  strength  of  each  joint 
equals   that    of   any    part    of    the 


1  lie  top  of  the  plunger  la  provided 
with  a  cast  steel  flang«i  head,  shrunk 
in  place  and  hot  riveted  to  the 
plunger,  the  head  securely  bolted  to 
the  steel  plate  forming  the  lower 
part  of  the  car  platform. 

Two  plough  steel,  galvanized 
ropes  of  large  size  are  run  through 
the  center  of  the  plunger  and 
securely  fastened  around  a  steel  pin 
at  the  bottom,  the  other  two  ends 
being  attached  to  the  car  plate  by 
heavy  steel  eye  bolts. 

Plunger  By  Pass. — The  lower 
end  of  the  plunger  is  a  grooved, 
tapered  casting,  fitted  with  shoes, 
or  skates,  whidi  act  as  guides  for 
the  plunger  to  prevent  it  rubbing 
against  the  walls  of  the  cylinder. 

The  grooved  plunger  end  is  known 
as  the  plunger  by  pass,  which  prevents 
apward  movement  of  the  car  beyond 
a  fixed  point  by  releasing  the  water 
from  the  top  of  the  cyhnder  which 
reUeves  the  pressure. 


Pig.  B. 770.— Sectional 


IT  showing  bottom  of  bhaft.  pjuofcr. 
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6, 7TO,— Standard 


tandard  plunger  e!^ 
way  balanced  lack 


(gh  the  car.  Limit 
its,  Whel'tEe 
■nent  of  the'  oar 
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Counter  Weight, — ^The  oomx)ensating  counterweight  ropes  are  attached 
to  the  car  cross  head,  passing  over  a  grooved  sheave  of  large  diameter  to 
the  counter  weight  frame. 

Operation, — ^The  car  is  raised  by  a  column  of  water  under  pressure  acting 
tipon  the  plunger,  and  is  lowered  by  gravity.  The  cylinder  head  and  valve 
are  connected  by  a  single  pipe  known  as  the  to  and  from  pipe,  through  which 
all  water  passes  to  and  from  the  cylinder,  a  valve  controlling  the  direction 
and  flow.  When  water  is  forced  into  the  cylinder,  the  pressure  acts  upon 
the  lower  end  of  the  plimger  causing  it  to  move  upward.  Ample  space 
between  the  cylinder  waUs  and  the  plunger  allows  a  free  flow  of  water  in 
either  direction. 

If  the  flow  of  water  be  shut  off,  the  elevator  stops,  the  plunger  resting 
upon  a  column  of  water. 

When  the  valve  is  opened  to  the  exhaust,  the  elevator  descends  by  gravity 
and  cannot  fall  or  attain  tmdue  speed  inasmuch  as  the  water  can  escape 
from  the  cylinder  only  as  fast  as  it  is  driven  through  a  comparatively  small 
port  opening. 

Compensating  Ropes, — ^The  ropes  connecting  the  car  and  the  counter- 
weight are  not  for  the  purpose  of  supporting  the  car  at  all,  but  are  part  of  a 
variable  counter- weight.  When  the  plunger  is  entirely  immersed,  it  has  a 
decided  buoyancy  which  decreases  as  the  plunger  rises. 

There  must  be  a  certain  definite  compensation  for  this  loss  of  buoyancy 
caused  by  the  ascending  car,  and  these  ropes  with  the  coimterweight  are 
so  arranged  that  as  the  buoyancy  decreases,  the  counter- weight  increases, 
thus  insuring  a  uniform  Hfting  capacity  throughout  the  entire  run.  On 
the  downward  travel  the  compensation  takes  place  in  the  reverse  order. 

The  car  and  the  plunger,  being  slightly  heavier  than  the  counter- weight . 
allow  the  elevator  to  descend  by  gravity.     This  difference  in  weight  is 


Fig.  5,773. — Text  continued, 

G,  discbarge  tank;  H,  pressure  tank;  K,  pump;  O,  supply  piping;  P,  "to  and  from"  piping; 
0,  exhaust  piping;  T,  back  pressure  loop;  U,  plunger  bottom.  In  operation,  the  pressure 
tank  is  filled  two- third?  with  water,  and  air  of  the  desired  pressure  is  pumped  into  the  remaiil- 
ing  third,  to  prepare  the  system  for  operation.  When  tne  car  operator  throws  the  lever  so 
that  the  elevator  may  ascend,  the  supply  ports  of  the  main  valve  are  opened  and  the  com- 
pressed air  forces  the  water  out  ot  the  pressure  tank,  through  the  supply  piping,  the  valves  and 
mto  the  elevator  cvlinder.  The  volume  of  air  in  the  pressure  tank  thus  expands  and  its  pres* 
sure  is  reduced.  A  pipe  leading  from  the  pressure  tank  to  a  regulator  on  the  steam  supply 
of  the  pump  automatically  starts  the  pump  when  this  pressure  ^begins  to  drop.  The  pump 
thereupon  takes  water  from  the  discharge  tank  and  delivers  it  into  the  pressure  tank  from 
which  it  may  continue  to  flow  into  the  elevator  cylinder  until  the  car  ox)erator  shuts  it  oflE 
with  his  lever  or  the  automatic  stop  valve  does  it  for  him  at  the  terminal  landing.  When 
the  operating  valve  is  closed^  stopping  the  flow  of  water  from  the  pressure  tank,  the  pump 
delivers  water  until  the  tank  is  again  two-thirds  full,  when  the  automatic  regulator  stops  the 
pump's  operation.  When  the  main  operating  valve  is  opened  to  allow  the  elevator  to  descend , 
the  water  from  the  cylinder  is  returned  through  the  exhaust  side  of  the  valve  to  the  discharae 
tank,  and  the  pump  remains  inoperative.  The  pump  operates  only  for  the  up  travel  of  the 
elevator  or  approximately  half  the  time. 
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determined  by  calculation  in  order  to  secure  the  nuudnuim  efficiency  in 
operation, 

Piiot  Valve  Control. — Smoothness  of  operation  and  freedom  from  jerks 
when  starting,  stopping  and  running,  is  secured  by  means  of  a  pilot  con- 
trolled self-centering  balanced  valve. 

The  valve,  as  it  is  commonly  termed,  is  really  four  valves  in  one;  the  pilot 
valve,  governing  the  main  valve,  which  governs  the  elevator,  and  the  up 
and  down  automatic  valves,  which  act  automatically  and  independently 
at  the  two  limits  of  travel  to  stop  the  car. 

Que*.    How  Is  the  elevator  started? 

Ans,  The  pilot  valve  is  moved  initially  by  means  of  the  operating  rope 
which  is  connected  to  the  lever  operating  device  in  the  car.    The  main  valve 


Fig.  6.774. — Standard  plunger  rl 


tenninal  landinjt-    The  interna 
thia  type.    The  loner  end  of  th 
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responds  to  the  movement  of  the  pilot  valve  and  moves  at  a  fixed  speed  by 
means  of  water  pressure. 

Qu€S.    How  la  the  speed, of  the  car  controlled? 

Ans.     By  controlling  the  extent  of  the  valve  movement. 

The  main  valve  movs  coTTupondingJy  to  the  car  lever — it  the  lever  be  moved  tli^htly. 
he  main  valve  is  likewise  moved  Bli^htly  and  the  apeed  of  the  car  is  regulated  accordiitgly- 
n  this  way  the  operator  may  regulate  the  speed  of  the  car.  but  the  smooth  atart  or  stop  is  requ- 
ited Bulomatically. 

Automatic  Stop  Valves — These  valves  cause  the  car  to  stop  at  the 
upper  or  lower  limit  automatically  and  are  entirely  independent  of  the 
main  valve.  As  the  car  approaches  the  hmit,  the  automatic  valve  gradually 
and  positively  closes,  bnn^ng  the  car  to  an  easy  and  accurate  stop,  even 
if  the  main  valve  beleft  wide  open.    This  important  result  is  accomplished 


rS. — Xuuas  City  aide  walk  typ«  pluDger  elevatoi  with  rops  operated  rack  and  pi 


by  metkns  of  a  ruiuung  rope 
device ,  the  rope  bong  called  the 
automatic  stop  rope 

The  Tunning  rope  device  is 
^mply  B  rope  which  is  fastened 
to  the  car,  pasdng  over  tviro 
sheaves  at  top  and  bottom  of 
the  well  room.  The  lower 
sheave  is  attached  to  the  auto- 
matic  valve  lever  which  is 
weighted .  As  the  rope  moves  or 
runs  with  the  car ,  it  is  called  the 
nmningrope. 

The  rope  slants  from  the  car 
to  the  valve  sheave,  with  the 
result  that  as  the  car  approaches 
either  limit  the  slant  becomes 
more  acute.  The  effect  is  the 
same  as  shortening  the  rope, 
which  gradually  and  positively 
lifts  the  weighted  lever  and 
closes  the  valve. 

Two  of  these  slanting  ropes 

are  provided;  one  for  the  up 
automatic  stop;  the  other  for 
the  down  automatic  stop,  and 
no  mechanism  or  contrivance 
of  any  kind  aside  from  the 
slanting  rope  is  required  to 
effect  the  automatic  stop  at  the 
.tenninal  landings. 

Motive  Power. — The  power 
required  for  the  eJevator  is 
furnished  by  a  pumping  plant 
or  city  service.  The  different 
service  requirements  peculiar 
to  each  building,  necessitate  a 
specially  designed  pumping 
plant  to  meet  individual  needs. 
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r,  flowing  from  the  pressure  tank  to  the  cylinder,  from  the  cyhnder  to 
the  discharge  tank,  and  from  the  discharge  tank  back  again  to  the  pres- 
sure.tank,  thus  completing  a  cycle  of  operation. 


The  number  of  pumps  end  tanks,  a 
upon  the  installation,  whether  large  oi 
is  the  same  in  every  case. 


Vta.  6,TJ7. — KaniM  Cltjr  hortiontal  piston  or  geucd  fnight  elevator. 

compressed  air,  if  occasion  requires.  Steam  or  motor  driven  pumps  are  used; 
the  type  best  suited  to  the  individual  requirements  being  chosen  for  each 
instaUation.  The  exhaust  steam  can  be  utilized  for  heating  in  installations 
where  the  pumps  are  steam  driven.  The  resultant  saving  is  a  decided 
factor  in  economical  building  operation. 

City  water  pressure  is  often  used  for  small  installations,  instead  of  a 
pumping  plant,  thus  insuring  low  first  cost  with  the  utmost  reliabiUtii, 
Bmpucity,  and  low  maintenance  charges. 

Piston  or  Geared  Hydraulic  Elevators. — The  mechanism 
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r  engine;  erteiior  view  Bhowina  seneial 

r,  paEsinn  amund  the  two  sctT^  ^eavM 

!  cylinder.    One  end  of  the  cable  is  tied  to  the  cylinder  and  the 


....    ^_._.  _...theopeninaofthepilot _.._ 


e^r  tintether.  thus  jeleasina  eoough  cable  for  tha  car  to  irach  its  landing.  These  engines 
usually  have  either  8.  10  or  12  sheaves,  half  of  thrs  number  being  stationary  and  half  travel- 
ing- The  travel  of  the  piston,  to  which  the  traveling  sheaves  aie  attached,  ifl  in  proportion 
to  the  number  of  sheaves  on  the  eogine-    If  it  have  eight  sheaves^  then,  for  every  foot  oi 

E'ston  travel,  the  car  will  travel  eight  feet,  etc.    The  more  sheaves  uied  on  anengiiui,  tbs 
gher  the  speed  of  the  car  and  the  less  the  lifting  capacity  of  the  elevator. 


Pig.  8,779.— ReeJ 
tomatic  hydra 
pilot  valve,  the 
atinn  of  which 

stop  CUfr;Ofl,   OI 
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of  this  class  of  hydraiilic  elevator  consists  of  a  cylinder  and 
piston,  the  latter  being  connected  by  one  or  more  piston  rods  to  a 
cross  head  which  carries  the 
sheaves  over  which  •  run  the 
lifting  cables  from  which  the 
car  is  suspended . 

By  means  of  suitable  valves 
and  controlling  mechanism  oper- 
ated from  the  car,  water,  imder 
pressure  from  city  main,  air  or 
gravity  tank  is  caused  to  flow 
into  and  out  of  the  cylinder,  thus 
causing  the  piston  to  move  from 
one  end  of  the  cyhnder  to  the 
other,  and  back  again.  This 
motion  of  the  piston  and  cross 
head  to  and  fro  imparts  motion 
to  the  lifting  cables,  which  pass 
over  sheaves  at  the  top  of  the 
elevator  hatchway,  and  which 
hold  the  car  in  suspension,  thus 
moving  it  up  or  down,  according 
as  the  water  flows  into  or  out  of 
the  water  cylinder.  This  ar- 
rangement adapts  itself  to  geared 
drive,  that  is,  the  motion  of  the 
piston  transmitted  to  the  car  is 

■  multipUed  to  a  greater  or  less 
degree,  according  to  the  design, 
by  the  number  of  sheaves  em- 

,  ployed.      Thus  the  speed  of  the 
car  as  compared  with  the  speed 
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of  the  piston  may  be  from 
2  to  1  to  12  or  more  to  1, 
to  meet  requirements  due 
to  the  nature  of  the  service, 
whether  freight  or  pas- 
senger. 

The  ratio  of  gearing  also 
depends  on  the  height  of 
the  building,  for  instance, 
in  tall  buildings  it  is  some- 
times as  high  as  20  to  1. 
There  are  two  types  of 
piston  elevators: 

1.  Horizontal. 

2.  Vertical. 

The  choice  depends  on 
local  conditions.  Thus,  if 
the  floor  space  be  limited, 
vertical  cylinders  are  t^ed. 

Vertical  cylinders  are 
usually  geared  3  and  4  to 
1,  though  ratios  of  from  2 
to  1  up  to  6  to  1  axe  quite 


miE  shown  at  U.  runnUB  from  tne 
If  H.  to  a  cooiwction  block  B,  aivJ 


and  the  gmd'  Brippins 
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The  general  features  of  piston  elevators  are  shown  in 
the  accompanying  cuts. 

Electric  Elevators. — Electricity  has  been  found  to  be  a  very 
desirable  power  for  operating  elevators,  and  has  some  inherent 
advantages  which  has  caused  electric  elevators  to  grow  rapidly 
in  public  favor.     Ordinarily  rfectricity  is  easily  obtained,  and 


se  power  diagram.    Three  factors  determine  tho  hone  pomf 
BHi.  iJieefficienej'ot  the  elevator,   in  the  diagram,  the  efficipncyof  the  elevator  is  assiimcd 

liiw  corresponding  to  the  tpeed  desired.     The  homonlal  line  at  this  point  will  indicate 
the  horse  poprer  of  motor  required. 

the  flexibility  of  electric  equipment  allows  it  to  be  installed  where 
little  room  is  available. 

There  are  nimierous  kinds  of  electric  elevator  to  meet  the 
various  conditions  of  service,  and  they  may  classed: 

1.  With  respect  to  the  .current,  as 
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2.  With  respect  to  the  transmission,  as 

a.  Drawn. 

b.  TractioD. 


3.  With  respect  to  the  control,  as 


a.  Non-reversible.     /.  Full  magnet. 

b.  Reversibk.  s.  Push  button. 

c.  Mechanical.  h.  One  speed, 

d.  S«mi-mechanical.  i.  Two  speed. 

e.  Semi-m^net. 


Fic,  5,783. — Typical  airuigflnieat  oE  brnJu  magnet  havina:  a  wedge  acting  betwocn  roU«ra  to 

reUaas  thq  bi^e.  t 

Fic.fiJM.— DetailofKaestnerandHechlelectTicbrskea,     In  DjMratfon,  the  brake  is  median- 


Motors  for  Electric  Elevators. — In  estimating  the  horse 
power  required  for  an  elevator  motor,  the  load,  speed  and  effi- 
ciency of  the  system  must  be  considered.    Since  it  is  customary 
to  counterbalance  the  weight  of  the  car  and  part  of  the  load 
nust  be  taken  into  account,  that  is,  only  the  unbalanced 
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load  is  conddered.    Accordingly  the  horse  power  required  may 
be  obtained  from  the  following  formula: 
LXS 
Ho™  power,  g^  33  j^ 

in  which 
L  =  unbalanced  load  in  pounds; 
S  =  speed  of  elevator  in  feet  per  minute; 
E  "  efficiency  of  the  system  generally  taken  at  50%. 


motor  Attuna  iu  joroial  B[w«d»  in  order  to  give  the  conatanC  epeed  char&ct«riatic  of  ths 
aimple  ihunt  motor-  The  stajiJdArd  motors  up  to  40  hor^e  power  aifl  varuble  vpeed,  ^Tid 
have  ■  coatfoUable  ranoe  from  fiOOR.P.M.  to  SM  R.P.M.  Another  trpe  of  Wamer  direct 
current  motoi  bu  inlerpolea:  ap  to  30  boi»  power,  the  range  is  ftoni  260  R.P.M,  to  800 
R  J>.M.,  aiid  W  to  BO  horB  paver  the  range  u  ZOOR.P.M.  to  600 R.P.M. 

EXAMPLE. — What  aze  motor  will  be  required  for  an  elevator  to  operate 
at  a  speed  of  400  fset  per  minute  with  an  unbalanced  load  of  2,000  lbs.? 
Substituting  the  valties  iu  tlie  formula, 

„  p       2,000X400 

■"■^-       .5  X  33,000       ** 

Ques.    What  kind  of  current  Is  suitable  for  elevator 
motors? 

Ans.    Either  direct  or  alternating,  preferably  direct. 
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Oues.    Why? 

Ans.     Principally,  because  of  the  high  starting  torque  o£  the 
direct  current  motor. 

The  chief  difficulty  experienced  with  alternating  curreat  motoVB  is 
this  lack  of  ability  to  start  under  heavy  loads,  and  tor  this  reason 
proportionally  larger  sizes  must  be  used,  the  increase  in  horse  powa 
required  bein^  fully  33  per  cent. 


Plo.  6.7Sa.— Warner  altematina  current  motor.     It  has  a  slandBni  speed  of  000  R.P.M,  fix 

Meycledifduita.andTSOR.P.M.fof  25cyc1e  cifouita.andisof  the  wound  rotor.  slipri(« 

tically  a  conEtant  speedreBatdless  of  load.  An  interesting  feature  of  the  Warner  moton  h 
that  the  allernatiogand  direct  cunenl  motors  are  interchangeable.  Thus,  an  elevator  biiiltfiDr 
direct  cuirest  can  readily  be  changed  to  alternating  current  in  caaes  of  a  changs  in  pome 

Oues.  Is  the  higher  cost  of  the  relatively  larger  size 
alternating  current  motor  offset  In  any  way? 

Ans,  Besides  giving  a  heavier  starting  torque,  it  furnishes  an 
excess  of  power  which  enables  the  motor  to  run  at  full  speed 
without  such  noticeable  fluctuations  with  changes  in  load  as 
would  be  the  case  ^'ith  a  smaller  motor. 
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Ques.  What  type  of  direct  current  motor  gives  the  best 
control? 

Ans.  The  adjustable  speed  motor  having  a  small  percentage 
of  compound  winding. 

The  series  winding  is  cut  out  by  the  controller  at  normal  speed,  but 
is  necessary  in  starting,  insuring  a  smooth  quick  start,  besides  being 
of  value  in  the  subsequent  control  of  the  motor. 

Ques.  For  what  service  is  the  squirrel  cage  induction 
motor  suited  ? 

Ans.  It  should  be  used  only  for  slow  and  constant  speed 
freight  elevators  where  the  impairment  of  the  line  regulation, 
caused  by  the  high  starting  currents,  is  not  important. 

The  induction  motor  is  being  used  more  and  more  for  driving  elevators 
and  while  admirably  adapted  for  some  classes  of  elevator  service,  it 
possesses  certain  definite  hmitations  which  should  be  taken  into  accoimt 
when  deciding  on  the  type  of  motor  to  use. 

Ques.  What  type  of  alternating  current  motor  is 
suitable  for  elevators  of  higher  speed  ? 

Ans.     Polyphase  slip  ring  or  external  resistance  motors. 

These  motors  may  be  used  on  two  phase  or  three  phase  circuits  having 
a  frequency  of  not  more  than  60  cydes. 

Ques.  Are  single  phase  motors  suitable  for  elevator 
service? 

Ans.  Special  elevator  type  of  repulsion  induction  motors, 
which  absolutely  insure  reversal  of  the  motor,  can  be  satis- 
factorily employed. 

Standard  split  phase  or  standard  repulsion  induction  motors  are  not  suit- 
able for  elevator  service. 

Elevator  Controller, — This  is  a  most  important  part  of  an 
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Pig.  S.TB?— Coatinttotia 
operating  non-reversible 
full  mechanical  belt 
driven  elevator  eontrol 
■ystem.  As  shown  the 
levator  machine  is  pro- 
vided with  a  tight  cen- 
ter pulley  and  loose 
pullevs  on  the  two  sides. 
The  belts  are  ^own  on 
the  loose  pulleys,  one 
being  open  and  the  other 
crossed.  The  counteishatt 
carries  a  drum  wide 
enough  to  allow  for  the 
side  movement  of  the 
bdts  when  one  cm*  the 
other  is  shifted  upon  the 
tight  center  pulley  by 
the  belt  shifter  S.  To 
operate  the^  eiewitor  a 
hand  rope  is  provided 
which  runs  up  the  ele- 
vator shaft  at  one  sidectf 
the  car  from  bottom  to 
top  of  building.  This 
rope  is  shown  in  the  dia- 
gram at  L,  and  runs  around  two 
small  pulleys  AA'.  PuHev  A' is  pro- 
vided with  a  crank  pin,  which  niioves 
the  connecting  rod  B  and  thus  rocks 
the  lever  R,  and  thereby  moves  the 
belt  shifter  S.  To  cause  the  car  to 
ascend,  hand  rope  L  is  pulled  down, 
and  to  make  the  car  descend,  tbs 
hand  rope  is  pulled  up.  Accordingly, 
the  lower  pulley  wiu  rotate  in  one 
direction  when  the  hand  rope  is 
pulled  to  make  the  car  go  up  and 
vice  versa.  Pulley  A  is  shown  in 
the  stop  position,  hence,  when  the 
hand  rope  is  pulled  down  for  up  trip, 
the  pulley  will  turn  in  a  counter- 
clockwise direction,  and  thus  the  bdt 
will  be  moved  to  the  right,  bringing 
open  belt  into  operation.  Pulling  up 
on  hand  rope  rotates  A  clockwise, 
moving  belt  to  left  and  bringios 
cross  belt  into  operation,  thus  causing  car  to  descend.  P  is  a  stop  rope  and  is 
connected  with  the  two  sides  of  the  hand  rope  as  shown  and  if  pulled  when  car  is 
in  operation,  will  bring  L  to  position  shown,  stopping  the  car.  In  operation  when  the 
hand  rope  L  is  pulled  m  either  direction,  H,  draws  C  to  the  left  and  contacts  with  J,  thus 
current  passes  through  starting  resistance  I  to  motor  armature  throu^  D.  The  field 
circuit  branches  off  from  upper  end  of  I  and  reaches  field  coils^^rough  P,  and  reacfaftC 
return  wire  through  D  and  thus  the  opposite  side  of  the  circi  it.  When  C  is  ptuled  to  left 
Bgradually  follows  by  gravity  and  dash  pot  control.  The  elevator  machme  is  provided 
with  a  brake,  actuated  by  the  belt  shifter  S,  applying  brake  when  belts  are  in  positioas 
shown:  when  belt  shifter  ia  moved  in  either  direction,  brake  is  released. 
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Pm.  G  ,788 . — Mshuikal  ctmtRd 


.able.   Am) 

iluft  and  ovt 

imll«7  N  coonectB 


lown,  an  soiIIbib  c«bl*  A,  kaown  ••■ 
B  pulley  C.  down  through  tha  elcTKttt 
Co  tha  Bwitch  or  rf^iulatinff  appftiatuB 

"  i.Tjn  of  the  molra 
satisfactory. 


Fic  B.TSO.— MeChmicJ  control  by  wheol; 

the  enda  d  tb«  ahippBT  cobles  an  fub. _ 

micb  the  eaUaa  past  aie  supiilied  by  apringB  RR  on  a  cioaa  bar  A  which  is 
tha  tm  of  the  ihaft.  A  pulley  H  is  placed  at  the  bottom  of  the  shaft,  and 
ia  oaDd  in  the  ear  Im  control,  tha  dupper  cable  being  nmed  anmnd  uw  pu 

that  portioa  ol  the  riiippei  cabla  nui  the  ■— •■  -•-— '  >-■■ ' — ' ' 

ensagM  with  a  qnocket  wheel  mounted 

"--x,  tamjas  tht  — •—'  -"■— '  •-  - 

vidant,  tlias 


bar  A  which  is  faatened  acroa 
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elevator  installation,  as  upon  its  proper  working  depends  the  safe 
and  satisfactory  working  of  the  car.     It  performs  a  number  of 
functions,  such  as  releasing  the  brake,  starting,  accelerating, 
slowing,  and  quickly  starting  the  car. 
The  control  may  be  classified: 

1 .  With  respect  to  the  rotation  of  the  motor,  as 

a.   Non-reversible; 
h.   Reversible. 

2.  With  respect  to  the  current,  as 

fl.   Direct; 

h.   Alternating. 

3.  With  respect  to  construction,  as 

a.  Full  mechanical; 

h.  Semi-mechanical; 

c.  Semi-magnet; 

d.  Full  magnet. 

Non-Reversible  Controllers. — The  simplest  way  in  which  a 
motor  can  be  installed  to  drive  an  elevator,  is  to  arrange  it  so 
as  to  drive  a  counter  shaft  continuously,  in  which  case  the  ele-    J 
vator  is  stopped  and  started  by  throwing  belts  on  the  tight  or 
loose  pulley  as  in  fig.  3,236. 

This  system  may  be  fully  classified  as  a  continuous  operating 
non-reversible  full  mechanical  control  system.  ,  Obviously  the 
term  non-reversible  refers  to  the  motor  which  always  runs  in  one 
direction  as  distingusihed  from  motors  which  reverse  their 
rotation  to  reverse  the  motion  of  the  car. 

The  principal  difference  in  the  mechanism  of  a  f uU  mechanical  reversible 
or  "single  belt"  installation  and  the  non-reversible  system  is  that  the 
tight  and  loose  pulleys  are  replaced  by  a  single  tight  pulley  and  a  rever- 
sible controller  provided. 

The  foregoing  types  are  simply  combinations  of  an  electric  motor  with 
a  belt  drive  transmission. 

To  avoid  the  inherent  defects  of  belt  drive,  and  for  economy  of  space, 
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e  direct  connected  which  is  the 

■nie  distinction  between  the  various  classes  of  controller,  fcnown 
as  non-reversibl^  reversible,  mechanical,  Bemi-mechanical,  semi-magnet, 
fall  magnet,  and  push  button  is  illustrated  in  the  accompanying  cuts. 


Pic.  S.TBOond  5,T91.  —Cutler  Hammer  direct  cunmt  levBrsihlo  dngla  Speed  «eini-nu«i»« 
controller  with  Beparsta  reverw  (witch  for  Bknr  speed  pBSasnger  or  frdgiit  elevator. 
Fi(t-  5,700.  self  itartinE:  fig.  5.791,  Schareman  type  BR  reverse  switch.  The  controller 
coimals  ca  k  Slidiiig  oontRct  controller  panel  with  main  line  maHnetically  operated  clappei 
nntcb,  and  a  eenarate  drum  revene  switch.    The  main  dapper  switch  ia  cootroUeii  directly 

•witdl  bein(  mch  that  the  mstorcircuitia  always  opened  at  closed  with  a  snap.  The  main 
ffiritcb  i*  BO  imerfcicked  with  the  rheostat  that  the  motor  cannot  be  started  or  reverwd 
until  all  atartinB  resistance  is  in  circuit,  insuring  smooth  acceleration.  The  reverse  snitch 
lao(  thednimtypedesignedforuse  with  lever,  wheel, orctBtikcontrol.ortr      '  '    ' 

\n  band  caUe.    The  anangement  of  contact  la  such  that,  althou^  the  fe 


w  break  type  without  a  centering  spring,  the  r 


le  nverw  switch  a 


. „-.  , — he)  should  be  installed,  one  at  either  Uadl 

ravel.    These  can  be  arranged  for  operation  by  the  car.  or  ma.y  be  so  installed 
■  ■    ■  ited  by  the  ear  anfl  the  other  by  the  counterweight.    The  limit 

lectcd  between  the  drum  reverse  switch  and  the  controller  panol 

om  of  the  ihaft.   With  all  semi-magaet  controlivs  the  mechukal 
'  m  of  the  hand  cable.   It  is  posaible}  howwer.  to  use 

with  the  hatchway  limit  switches  a  brake  lolennd 
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FiO.  5,792. — Cotler  Hummer  (Scbnnmaii  lyn  M) 
diract  current  revenible  one  or  tiro  ^«d  wjta 
■low    dowa    full    munct     contioUsr    for    b«b 


■low   dowa    full    munct 
T^  feelum    pv«   iboi 


_„    ._ ^  —    ibout  ooB-qUMter    of    lh« 

normal  speed,  the  nomud  speed  beinff  for 
■mfaie  speed  equipment,  tfas  ruuQJrw  spee^  and 
for  t»o  ipeed  eouipment,  the  ^leed  obtained  willi 
[uH  field  on  the  motor  and  all  the  umators 
resiltinee  cut  out  of  circuit.  ControilKr  pmtL 
lliis  is  built  in  thre«  isctionj  in  which  the  uocvasarr 
arrnttliiiw  rr^ititance  u  mounted.  Tb«  field  and 
intad  in  a  Buitable  tmoa 


the  denred  value.    Suitable  intei-locla . 
be  enerErised  until  all  of 
locln  ere  lupplied  for  g: 


IB  proper  sequeDce  in 
:h«.    Apimratim  on 

Itch;  2,  double  pole 
uiBKucLi^Ai.)  u|/i.i[t»uuiicvtion  Bwitches:  l.airiele 
pole  magnetically^  operated  "slow  down  "  or  "dy^ 
xumic  brake"  Bwitcn;  1,  single  pole  "slow  down" 
relay;  l,  aceeleiatioo  movement  consisting  of  ■ 
■et  or  crank  switches  operated  hy  a  Bolenfnd  aad 
retarded  b^  a  dash  pot;    1|  try  out  swit<^;    ^ 

In  addition  to  the  above,  for  two  speed  controllers 

thera  is  one  tour  step  field   wealcenioa  switch. 

Functlont  of  tiBltchet.    A  double  pole  main  line  switch  breala  both  sides  i^  the  Lh 

circuit.  The  dirKction  switches  are  meeiianicallj'  interlocked  to  prevent  their  i 
ultanefns  operation  which  would  cause  a  short  circuit  on  the  line-  These  av  " 
wilt  Butomaticallr   open   on  abnormal  dnip    ia    voltage    and     stop  the  eqoi] 

The    alow    dawn,     or    dynamic    bralce     switch    insf"""" ' —     "' — ' 

ia  the  slow  down  position  and  also  keeps  this  .^^w,.,.^-^  u.  u.^^.  ui  uu  uu 
ixvition  until  the  motor  has  practically  stopped,  thus  giving  a  powerful  dynamic 
braldcg  effect.  The  slow  down  relay  handles  the  accelerating  solenoid  current, 
thus  eliminating  the  arcing  on  the  car  switch  contacts,  whictt  would  occur  in 
caie  the  acceleratins  solenoid  was  handled  directly  from  the  car  switch.  The 
time  of  cutting  out  the  armature  resistance  is  adjusted  by  means  of  a  needle  valve 
in  the  bottom  of  a  large  vacuum  dash  pot.  The  try  out  twitch  enables  the  attendant 
to  run  the  car  directly  from  the  control  panel  without  the  necessity  of  gettiiH 
into  the  car.  The  control  fusee  are  used  as  a  protection  to  the  opeiatinfl  coitf 
<d  the  magnet  switches  and  siso  afford  additional  protection  to  the  cdevatcf 
equipment  m  the  case  of  eroundi  or  short  circuits  in  the  operating  cables.  T^ 
double  coil  overload  movement  is  arranged  to  stop  the  elevator  in  caaa  at  ov«ikad 
and  can  be  automatically  reset  by  throwing  the  car  switch  to  the  oS  poeitioii. 
This  gives  a  reliable  indication  as  to  wbetbec  the  car  ia  overtoadcd  and  by  haviit 
the  resetting  feature  in  the  car  switch,  it  is  possible  to  set  this  ovedoaa  mttiin  the 
closest  limits.  This  device  therefore  posaenea  an  advantage  over  the  hand  operBleb 
cucnit  breaker  in  that  the  operator  is  not  compelled  to  so  to  the  awitcliboud  id  case  > 
di^t  overload  occura.  The  only  thing  oecestaiy  is  to  lighten  the  load  oo  the  elevator. 
With  a  manually  operated  circuit  breaker  tbe  operator,  under  these  coaditum,  invariable 
increases  the  current  setting  of  the  bneker  when  he  ^es  to  the  panel  to  meet  it  and.  in 
etas  of  continued  tripping,  eventually  ties  tbe  brealter  ia;  thus  dhninatiiM  the  overioad 
protection  which  the  circuit  breaker  is  designed  to  give.  The  four  step  Geld  wtaltEoiiig 
swhch  which  iaused  on  two  speed  etjuipments  ia  a  weight  closed  switch  controlled  by  so 
air  dash  pot.  It  is  positive  m  action  and  ii  opentive  both  when  inserting  sod  iriu 
«ntting  out  the  fieLI    resirtsr—     ' '— "■ ' — ""    — '   '---'-     -•       -■ 
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Full  Magnet  Direct  Current  Controllers. — ^A  typical  direct 
current  control  apparatus  or  the  full  magnet  type  consists  of 
several  slate  panels,  mounted  on  an  angle  iron  frame  with  all 
the  connections  made  on  the  back  of  the  board. 

The  solenoid  switches  mounted  on  the  slate  panels  are  ar- 
ranged to  perform  the  following  fimctions: 

1.  To  disconnect  in  the  off  position  both  sides  of  the  line  from  the 
armature,  series  field,  resistance,  and  brake  magnet. 

2.  To  accelerate  the  motor  automatically  by  cutting  out  the  armature 
starting  resistance  step  by  step,  and  also  the  series  field  with  the  last 
step  of  armature  resistance  (this  by  means  of  individual  series  relay 
coatcol)  giving  smooth  acceleration  under  all  load  conditions. 

3.  To  control  the  speed  of  the  elevator  by  cutting  resistance  in  or  out 
of  the  shunt  field  circuit  of  the  motor,  affording  positive  speed  control 
under  widely  varying  loads. 

4.  To  bring  the  elevator  quickly,  but  smoothly,  from  high  to  low  speeds, 
r^ardless  of  load,  making  accurate  stops  at  landings  an  easy  matter. 

5.  To  open  the  circuit  to  the  motor  should  an  overload  current  flow. 

6.  To  apply  the  dynamic  brake  in  the  off  position. 

7.  To  test  elevator  at  normal  speed  from  the  switchboard. 

To  these  seven  ftmctions  n^^y  be  added,  as  a  modification 
of  the  standard  controller  equipment: 

8.  To  open  the  shunt  field  circuit  in  the  off  position  of  the  controller. 

Alternating  Current  Controllers* — ^There  are  many  types 
of  alternating  current  controller,  the  best  known  being  of  the 
full  magnet  variety. 

As  previously  stated  alternating  current  motors  should  pref- 
erably be  limited  to  moderate  speeds,  because  it  is  not  feasible 
to  employ  d3mamic  braking.  This  means  that  the  car  must  be 
slowed  down  and  stopped  by  the  application  of  the  solenoid  } 
brake  alone,  and  the  speed  must  therefore  be  one  that  will  permit 

NOTE. — ^Whete  old  elevator  equipments  are  being  changed  over  to  the  full  magnet 
system  and  the  old  motor  is  in  such  good  condition  that  it  is  possible  to  use  it  with  the  new 
equipment,  particular  attention  should  be  paid  to  the  amount  of  si>eed  variation  that  can 
be  obtained  from  the  old  motor.  Very  few  of  the  older  elevator  motors  are  designed  for  a 
wide  range  of  speed  variation  by  shtmt  field  resistance. 
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this  being  done  'with  safety  and  comfort  under  all  the  ■widdy 

varying  conditions  met  with  in  elevator  service, 

A  typical  alternating  current  full  magnet  controller  consista 
of  several  slate  panels  mounted  on  an  angle  iron  frame  which 
serves  also  as  a  support  for  the  resistance.  Alternating  current 
solenoid    switches   mounted   on    the   face    of   the   panel   and 


Pio.  G.793.— Cutler-Han 

cnrrmit.  reveisiblo. „ 

t  push  buttoa  c 


rioff    speed    passcnser    r 


nducina  the  ape«d  of  aa  altematioc 

thfl  Ap«d  at   which  elnvator  can 

motors  ia  limited  and  the  problfaa  ■ 
purely  a  matter  of  bringing  the  caf 
to  an  easy  and  accurals  stop,    Thws 

factorily  at  ear  speed  ot  275  to*300 


when  the  car  Epeedi  are  Likely  ta 
exceed   ZOO   feet  per   minute.      In 

here  shown,  the  primary  circuits  ajQ 
controlled  by  a  double  pole,  soleooid 
operated  main  line  switch  end  two 
double  pole  solenoid  operated  direc- 
tion Gtntches.  The  ilieosCat  is  oC 
the  AoleEioid  operated  crajik  ftcod- 


thaC  it  is  impossible  to  make  a  quick  reversa 
ear  beisB  opetaled  from  the  iwitcbboard. 
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connected  to  the  resistance  (all  connections  being  made  at  the  back 
of  the  board)  are  arranged  to  perform  the  following  functions: 


2.  To  accelerate  the  motor  automatically  by  cutting  the  startiiw 
resistance  out  of  the  rotor  circuit  step  by  step  {using  series  relay  control) 
and  giving  smootli  acceleration  at  all  loads. 

3.  To  operate  the  elevator  from  the  switchboard  for  test  purposes. 


single  phase,  special  elevator  type  motors.  Fig.  5.794.  selT- 
BwTtch.  In  construction,  the  self- starter -i*. of  Van  ciank 
dividual  carbon  contact  levers  'or  each  step  of  resistance.  Tba 
!r  control  of  a  vacuum  sir  dash  pot.  In  operation  the  con- 
switch  are  not  required  to  break  the  motor  currents,  but  are 
■  connections.     Auniliarj'  contacts  in  the  switch,  handle,  and 

yith  an  in^rl^ng  contact  on  the 'mp'".  ""if ^  "  =l™«^  •"•}T 

.  ^..  ,,„.,er'so  a™o  ingS«  reversal  of  the  motor  while  mnnina-   The 
phase,  ceK-stanlng  motor  will  not  reverse  from  bigb  apeed  unless  this 


s/lo^ns  le  provided.    Adaptatton:  25  to  60 
tilled  in  the  elevatoi  shaft  if  desired  to  itop  f he 
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Alternating  current  controllers  are  illustrated  in  the  accom- 
panying illustrations. 

The  Transmission. — The  term  "tiansinissioTi,"  as  generally 
and  erroneously  used,  denotes  the  system  of  gearing  between  the 
motor  and  drum;  it  properly  includes  the  entire  mechanism  be- 
tween the  motor  and  car,  that  is,  the  gearing  between  motor  and 
drum  and  the  "final  drive"  or  drum,  cables  and  pulleys,  for  all 


Mc  5»71>A* — GeftT  tooth  parta.  Samtmma  of  tour  gwarlng^  Two  Kjttaot  of  mkr  tooth  mm 
uied  tot  (pUT  gemn:  the  oitelofilal  uid  uo  involute.  Of  theis.  tha  involute  lyitein  ia 
the  one  more  comcnODly  used,  especially  for  cut  Eearinff.  The  atandan]  involute  gear 
tooth  hat  a  14  !^  degree  preoure  angle,  bence  the  nek  meihinc  with  gean  cut  accordins 
to  thia  atandaid  baa  itnugbt  (idea  mclined  14  H  degnea  from  the  vertical.  OtSititUmi 
Circular  pI(oJi  is  the  diuanctfrom  aala  to  unUt  of  loio  t^attnl  Ittlh  ttlont  At  fitch  drdt, 
Dlammlrtcal  pilch  ia  a  nHmbtr  fount  by  iiPiding  at  nmiiitr  of  talk  by  tin  fitck  diamtltr; 
that  a,  it  givet  Uu  tuimbtr  ci  tteth  Sar  iath  lack  <4  tMi  HamMr,  lattrniU  apur  vaor*. 
'The  dimennon  td  internal  Bpnr  Eean  may  be  found  by  the  same  fonnula  M  thOM  far 
external  ipur  gean.  except  foe  the  modification  made  necesaary  by  the  hct  that  the  centsr 
diatance  in  internal  geanns  ia  equal  to  the  difftraict  between  the  two  pilch  radii,  inatMd 
of  the  mn.  In  additiOD.  Uw  term  insida  diameter  tatcea  the  place  ot  the  outiide  diameter 
of  eitemal  ipui  gearing.  Thii  diameter,  of  coune,  ia  the  diameter  of  the  hole  in  the  blank 
before  the  teeth  are  cut.  In  laying  out  the  shape  ol  teeth  tor  internal  gearing,  tatal- 
ferEiices  aie  almost  sure  to  be  met  with.    The  points  of  inteipal  gear  teeth  mu«t ,  theiefore. 

occur*  also  when  the  pimon  has  tooiT»ily  theeamenumberof  teeth  u  tbe  gear.  In  thii 
case  there  ia  a  tendency  for  the  pointa  of  the  pinion  and  the  gear  teeth  to  strDcB  na  the^r 
roll  into  and  nut  of  engaeeinent.  To  avoid  ttiia  interf«eu»,  the  teeth  iniiit  be  cut  by 
specially  made  Guttera  or  ahaped  on  a  gear  fihaping  machine, 

NOTE. — Tbe  strength  ot  gear  teeth  and  the  bone  porer  that  may  be  tranimitted  by 
Qlem  depend  upon  so  jnany  variable  and  uncertain  factors  that  it  ia  not  surpriaing  that  the 
[ormula  and  rulea  given  by  i3ifFerent  writers  show  a  wide  variation.     In  1870  John  H.  Cooper 
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these  devices  are  used  to  transmit  power  from  the  motor  to  the 
car.  The  same  mistake  is  made  in  the  case  of  the  automobile 
by  ill  advisedly  using  the  word  transmission  to  denote  only  the 
gear  set,  whereas  it  properly  includes  the  entire  system  between 
the  engine  and  rear  axle,  viz:  clutch,  gear  set,  propeller  shaft» 
tmiversal  joints,  bevel  gear  and  differential. 

Accordingly  in  the  case  of  the  elevator,  the  transmission 
consists  of 

1.  Gearing  between  motor  and  drum; 

2.  Drum; 

3.  Cables; 

4.  Pulleys. 

The  term  **electric  engine"  is  used  by  elevator  manufacturers  to 
denote  the  motor,  controller,  drum  and  gearing  between  motor  and 
drum.  Presumably  because  these  devices  are  usually  incorporated  in 
one  unit,  arises  the  erroneous  tisage  of  the  term  transmission. 

Gearing  between  Motor  and  Drum. — ^There  are  several 
forms  of  gear  used  to  secure  the  velocity  reduction  between  the 
motor  and  dnun,  necessary  in  most  types  of  elevator.  These 
may  be  classified  as 

1.  Belt; 

2.  Chain; 

3.  Spur  gear; 

4.  Herringbone  gear; 

6.  Worm  and  wheel  gear. 

Belt  Drive. — In  factories  or  other  places  where  line  shafting 
is  kept  running  continuously  elevators  are  sometimes  driven 
from  a  countershaft,  the  latter  being  belted  to  the  line  shaft. 

Very  often  the  elevator  machine  is  driven  directly  from  the  line  shaft, 
and  as  the  line  shaft  always  runs  in  the  same  direction  the  only  way  in 
which  the  elevator  machine  can  be  reversed  is  by  the  use  of  two  belts^ 
one  open  and  one  CTossed,  as  is  done  in  the  case  of  a  metal  planer  in 
a  madrine  shop;  this  form  of  elevator  drive  has  already  been  described. 
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Figs.  5,707  and  5, 7SS. — ^nglemotoctractioa  drive -vitb  traveling  culleyi.  Pig.  5 

but  one  motor  is  used  instead  of  two.    The  motor  in  this  system  runs  at  sKi     _, 
twmeanaoElhepuIlevA,  on  the  armature  shafl.  drives  a  set  of  cable,  which  pass 


ri  by  cables  pi 


the  upper  pulleys  C  and  E,  with  the  car  H ,  and  the  counterweight  W. 
form,  the  two  traveUng  pulleyi  R  and  S.  are  combined  in  a  sinnle  frame  •  ,  ai<u  a  imsioii 
weight  T,  is  added  as  ahowTi.  In  optratlon,  the  motor  is  controlled  as  usual  from  the  car. 
ft  must  be  started  to  move  the  car  and  stopped  to  bring  the  car  to  rest.  Both  the  car 
and  counterweight  move  at  half  the  peripheral  speed  cf  the  driving  pulley.  I£,  however, 
the  Bet  of  driving  cable  after  passing  over  the  pulley  R  and  S.  ba  red  under  a  pair  of  sta- 
tionary pulley  and  then  have  their  free  ends  connected  respectively  to  the  traveling  framel 
R  and  S.  instead  of  anchored  at  the  fixed  points  NN.  the  sjKed  of  the  car  and  counter 
weight  would  be  one-third  the  peripheia]  speed  of  the  driving  sheave.  By  further  de- 
veloping this  plan,  different  ratios  of  car  speed  to  motor  speed  con  be  obtained. 

Figs.  fi,799  and  6,800.— Praser  cable  drive,  designed  to  obviate  the  disadvantage  ot  the  laiv 
shaft  space  required  for  drum  elevators  in  very  high  buildings.  owiDg  to  the  hori^onUl 
travel  of  the  cables  when  winding.  Pig.  5.709  primary  form;  fig.  5.800.  modified  form. 
In  thm  primarg  form,  the  hoisting  machine  at  C,  consists  of  two  motors,  superimposed, 
each  driving  a  set  of  endless  cable  by  means  of  a  pulley  on  its  arn^atuic  abaft.  Two 
weighted  sliding  frames  M  and  N,  carrying  pulleys,  are  driven  by  the  endless  cable.  The 
frame  M.  is  connected  to  the  car  O,  by  a  cable  passing  over  the  upper  pulley  H,  and  the 
frame  N.  is  connected  to  the  counterweight  W.  by  a  cable  passing  over  the  upper  pulley  K. 
In  tha  modlSad  form,  the  traveling  pulleys  are  combined  in  a  single  frame  S,  the  teniion 
on  the  endless  cables  being  maintained  by  a  weight  W,  acting  on  the  polleyi  in  tlie  fnune  E. 
In  optratlon,  when  both  motors  are  running  at  the  same  speed,  and  in  opposite  directions, 
' '' '  driving  cables  move  without  raising  or  loweciac  the  car  01  counterweight.     The  molors. 
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Ques.    Mention  some  objections  to  belt  drive. 

Ans.     Slippage,  breakage,  and  running  off  the  pulleys. 

Chain  Drive. — On  some  slow  speed  heavy  duty  elevators,  a 
double  reduction  gear  is  used  with  chain  drive  for  the  first 
reduction  and  worm  gear  for  the  second  reduction.  There  are 
various  types  of  chain  that  may  be  used,  such  as  link,  roller,  and 
the  so  called  "silent"  chain.  The  latter  is  extensively  used 
because  of  its  quiet  operation. 

Spur  Gear  Drive. — This  well  known  method  of  transmitting 
power  is  extensively  used  in  elevator  practice.  It  is  a  '^positive" 
drive,  as  distinguished  from  belt  drive  which  is  subject  to  slip- 
page. For  moderate  speed  motors  or  machines  in  which  the 
speed  reduction  between  the  motor  and  drum  is  not  too  great, 
spur  gearing  is  well  suited. 

Obviously,  where  great  speed  reduction  is  required,  as  in  installation 
comprising  a  high  speed  motor  and  slow  speed  elevator  it  is  not  so  well 
suited  because  of  the  large  diameter  of  the  drum  gear  required  or  the 
extra  gears  for  double  reduction  necessary  to  obtain  the  necessary  speed 
reduction.  Clearly,  such  installations  are  best  fitted  with  worm  gear 
drive,  as  any  speed  reduction  is  easily  obtained  without  the  necessity  of 
double  reduction  drive. 


Pigs.  6,799  atid  5,800. — Continued. 

theieforc  run  continuously  in  the  operation  of  the  sirstem  regardless  of  whether  the  car 
be  moving  or  standing  still .  A  magnetic  brake  B ,  on.  the  overheard  pulley  H ,  is  operated  when 
the  car  is  to  remain  motionless,  so  as  to  prevent  any  slight  variation  in  the  si>eed  of  the 
motors  tending  to  move  the  car.  When  motion  is  to  be  miparted  to  the  car,  one  motor  is 
speeded  up,  and  the  other  motor  is  slowed  down,  thus,  there  will  be  a  difference  in  the 
heights  of  the  two  cable  loops.  This  difference  is  taken  up  by  the  motion  of  the  sliding 
frames  which,  in  turn,  transmit  their  motion  to  the  car  and  cotmterweight,  raising  the  one 
and  lowering  the  other,  or  vice  versa,  depending  upon  which  of  the  two  motors  be  running 
the  faster.  The  speed  of  the  car  in  either  case  will  be  half  the  difference  of  the  peripheral 
speeds  of  the  driving  pulleys.  The  motors  are  shunt  wound,  and  run  normally^  at  400 
revolutions  per  minute.  The  speed  of  either  motor  can  be  increased  to  520  revolutions  per 
minute  or  diminished  to  280  revolutions  per  minute  by  means  of  a  rheostat  in  the  car  which 
introduces  resistance  in  the  field  of  one  motor  and  cuts  it  out  of  the  field  of  the  other  motor. 
With  driving  pullei^  19  inches  in  diameter,  the  operator  can  thus  vary  the  speed  of  the  car 
from  zero  to  600  feet  per  minute.  Owing  to  the  small  diameter  of  the  pulleys,  a  special  kind 
of  cable  consisting  of  a  steel  wire  core  covered  with  manila  or  hemp  is  used  to  secure  the 
requisite  strength  and  flexibility.  The  advantages  of  the  Fraser  elevator,  besides  small  shaft 
space  requirecffor  its  operation,  are  rapid  acceleration  and  quick  stopping,  and  the  ability  to 
reverse  from  full  speed  in  one  direction  to  full  speed  in  the  opposite  direction  without  pro- 
ducing excessive  strains  or  shocks  in  the  apparatus.  To  counterbalance  these  features  are 
the  first  cost  and  the  operating  cost  of  the  system,  both  of  which  are  greater  than  for  the  drum 
type  of  elevator. 


Herringbone  Gear  Drive. — This  form  of  gear,  sometimes 
called  double  helical  tooth  gear  is  a  type  in  which  right  and  left 
hand  spiral  teeth  are  both  used. 


Fio.  5.504^ — Guemey  Imrmffbone  ffear,  pioiout  and  brain 
ii  kbout  S  or  T  to  1,  and  Uie  teem  in  geac  and  pinion  a 
oatmid  Bt  an  angle  of  about  23  decrees.  There  is  col 
geur,  as  it  has  been  in  use  tot  mill  purposes  for  at  least  a  c 
to  impart  a  amoother  motion  to  the  driven  machines  m 
the  teeth,  but  until  recently  the  only  method  of  prodi 


umlicsbls  to  elsrator  service.  The  advantages  of  the  bemi 
or  fricUon  aa  compftred  with  the  worm  and  woim  Rear;  smoothi 
eth  cut  ttraight  across  the  face;  and  greater  strength  due  to  the  di 


The  frame  for  the  1 


iindry  eleus-ton. 
r  story  mth  tha 


rive  drum  elevator  sh 
and  pulleys ,  also  con 
Irive  freight  elevator. 
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The  advantages  of  herringbone  gears  may  be  stated  as  follows: 
The  action  is  continuous  and  smooth;  there  is  no  shock  when  the 
load  is  transferred  from  tooth  to  tooth,  and  therefore  wear  is 
practically  eliminated,  the  bending  action  of  the  load  on  the 
teeth  is  less  than  with  straight  spur  gearing;  the  gears  work 
ahnost  silently  and  without  perceptible  vibration;  back  lash  is 
practically  absent  and  herringbone  gears  can  be  used  for  high 
ratios  and  foi;  great  velocities. 

Ques.    Describe  the  Wuest  system  of  herringbone  gears. 

Ans.  The  right  and  left  hand  sides  of  the  gears  are  stepped 
half  a  space  apart  and  do  not  meet  at  a  common  apex  at  the 
center  of  the  face,  as  in  the  usual  type  of  herringbone  gear. 

This  stepped  form  wears  more  evenly  under  extreme  loads  than  the 
ordinary  type. 

• 

Worm  Gear  Drive. — This  form  of  gear  is  very  extensively 
used  and  is  especially  suited  to  slow  speed  elevators  driven  by 
high  speed  motors.  A  feature  of  worm  gear  drive  is  that  it  is 
self-locking  because  of  the  high  velocity  ratio,  that  is  to  say, 
no  change  in  the  loading  of  the  car  will  produce  movement. 

In  construction  the  gearing  is  enclosed  in  a  cast  iron  box  or  casing 

which  serves  to  protect  the  gears  from  dust  and  also  to  form  a  reservoir 
for  oil  used  for  lubrication.  The  worm  is  generally  placed  below  the  gear, 
in  order  that  the  worm  may  run  in  an  oil  bath.  There  are  two  kinds  of 
gear: 

1.  Single  gear; 

2.  Double  or  tandem  giear. 

An  undesirable  feature  of  the  single  worm  drive  is  end  thrust. 


NOTE. — The  fundamental  principle  of  the  action  of  herringbone  gear  teeth  lies  in  the 
fact  that  all  phases  of  engagem  ent  take  place  simultaneously  for  every  i)osition  of  pinion  and 
gear,  providing  the  relationship  between  pitch,  width  of  face  and  angle  of  spiral  is  such  that 
It  insures  a  complete  overlap  of  engagement.  Since  all  the  phases  of  eng^agement  occur  simul- 
taneously, it  is  evident  that  the  load  is  partly  carried  by  tooth  surfaces  in  sliding  contact  and 
partly  by  surfaces  in  rolling  contact.  The  portions  of  the  teeth  farthest  from  the  pitch  line. 
which  engage  with  sUding  action,  tend  to  wear  away  more  rapidly  than  the  portions  nearest 
to  the  pitch  line.  The  pitch  line  portion,  however,  is  always  carrying  part  of  the  load  and 
the  effect  of  wear  at  the  ends  of  the  teeth  merely  is  to  throw  more  load  on  the  center  portions 
rxr  I'n  other  words,  there  is  a  constant  tendency  to  concentrate  the  load  near  the  pitch  line. 
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2"  Clearly  with  a  heary 

^  load  there  is  consider- 

fy»  able    pressure  endwise 

~t  on  the  threads  of  tha 

^  worm  which  is  accora- 

y  panied  by  friction  (loss 

(U  of    power)    and    wear, 

moreover  especial  form 

of    bearing    called     a 

thrust   bearing  is    re 

quired  to  lake  this  end 

Ques.  Describe 
some  forms  of  end 
thrust  bearing. 

Ans.  For  light  serv- 
ice, discs  of  bronze  and 
steel  suffice  to  take  the 
thrust :  for  medium  duty 
ball  bearings  should  be 
used;  and  for  heavy 
duty,  roller  bearings. 

The  details  of  con- 
struction are  showa  in 
the  accompanying  cuts. 

Ques.    What  is  the 
object    of    a   double 
n  worm  gear? 

o  eliminate  the  end  thrust. 
Describe  a  double  worm 


sedy  single  worm  drive  with  ball  bearing 
,  The  s!Wt  □□  which  the  wonn  is  cat  u 
wcted  to  the  motor  through  a  coupling 
'  shaped  flange  which  is  uasa  as  a  bruLinff 
rhe  single  worm  drive  is  suitable  for  nl- 
V  car  speed  and  light  loads.       In  con- 

_ ,/  t£s  WORQ  ia  clscnl  bdav  the  gear  wb< 
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Ans.  Two  wonns,  usually  forged  solid  to  one  shaft  are  em- 
ployed; one,  a  right  hand  worm,  and  the  other  left  hand.  These 
worms  mesh  with  two  gears  of  equal  size. 

Double  Reduction  Worm  and  Internal  Gear  Drive. — 

For  very  slow  heavy  duty  freight  elevators,  operated  by  high 
speed  motors,  the  excessive  speed  reduction  necessary  is  best 
obtained  by  double  reduction  drive  employing  a  combination  of 
worm  and  intemal  spiu-  gear. 


Pio.  0.808. — WaiDerlnternfilspWBeufrdgMdeTatormsdune.fittedformeChiiiucalcontKil. 
Tiie  gear  spider  S,  and  dram  D,  are  made  in  one  casting  with  a  beavy  cast  iron  nedc  between 
them.  On  top,  the  motor  M,  is  the  controller  box  C,  contaioing  the  Ewitchea  and  rtieostat. 
14,  is  the  brake.  R.shippei  pulley,  and  A  A,  the  limit  stop. 

Ques.    Why  is  an  Int^nal  gear  used  ? 

Ans.     In  order  that  the  drum  will  rotate  in  the  same  direction 
-"'-♦•"e  to  the  worm  as  in  single  reduction  gear,  ■ 
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0. 5.807. — Tandem  miiiD  drive  machina  wltli  {ndependent  concave  taa  sears  meshins  vritli 
the  woTTD  H9  shown  by  the  poitiona  of  the  Utver  geara  cut  away  above  the  wonua.  Aa 
■bcmn,  there  are  [out  seal  wheel*  bolted  together  in  pain,  the  two  laigei  oatt  meabinic 
wttb  each  otbei,  and  &  two  (mailer  Onea  with  the  wormi. 


O,  S.ftOS. — Reedy  tandem  worm  drive.  This  type  diSera  essentially  from  Dm  angle  worm 
drive  in  that  mternieBhing  risht  tmd  left  bund  gean  are  used  in  place  of  ti»  aiule  gear. 
^le  use  ol  the  double  gear  haa  tlu  advantage  <u  dividing  the  preaauie  betweea  toe  worm 
and  gear  bo  that  greater  loads  and  speeds  are  obtainable  tban  cie  advisabis  with  tEie 
single  gear.  The  manner  in  which  the  gear  wheels  and  worms  intenneshprodncea.mon- 
.  .^ :_.  — . — .  -yf^ch  pmnita  the  gearinji  it»U  to  compensate  tot  ai ' 
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It  is  desirable  that  the  drum  in  lifting  the  load  should  revolve  so  as 
to  bring  the  thrust  of  the  end  of  the  worm  shaft  toward  the  back  end  of 
the  gear  case. 

Drums,  Cables,  Pulleys,  Counterweights. — These  devices 
constitute  that  portion  of  the  transmission  that  may  be  called 
the  final  drive. 

On  winding  drum  machines,  the  lifting  and  cotmterweight 
cables  are  attached  to  the  drum,  which  is  spirally  grooved  with  a 
concave  groove  to  receive  and  guide  the  cables. 

The  lifting  and  counterweight  cables  are  so  attached  to  the 
drum  and  arranged  that,  while  the  lifting  cables  are  being  wound 
up,  the  counterweight  cables  are  being  unwound,  as  shown  in 
fig.  6,802. 

The  idler  pulley  slides  from  side  to  side  as  the  cables  wind 
on  or  off .  From  the  illustration  it  is  clear,  that  they  alternately 
use  the  same  grooves  in  pairs.  These  grooves  or  scores  as  they 
are  called,  are,  in  the  case  of  the  overhead  type,  so  made,  that 
they  run  from  the  end  of  the  drum  toward  the  center  one  grove 
on  each  side. 

Ques.  In  the  case  of  the  overhead  type,  how  are  the 
grooves  or  ** scores"  made? 

Ans.  They  are  so  arranged  that  they  run  from  the  ends  of  the 
drum  toward  the  center,  one  groove  on  each  side. 

When  the  engine  is  set  to  one  side  of  the  shaft,  either  on  a  foundation  or  a 
suitable  frame  on  one  of  the  other  floors  of  the  building,  the  grooves  run  in 
pairs  side  by  side  from  one  end  of  the  drum  to  the  other  and  are  made  to 
lead  right  hand  or  left  as  the  conditions  require. 

Ques.    How  are  the  counterweights  arranged? 

Ans.  Two  weights  are  used,  as  in  fig.  5,802,  one,  which 
is  attached  to  the  drum  to  offset  a  certain  percentage  of 
the  load  to  be  lifted,  and  another  to  counterbalance  the  car. 
The   latter    weight    travels    in    the    same    runways    as    the 
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drum  counterweight,  grooves 
or  channels  being  cast  in  this 
upper  weight  to  allow  the 
supporting  cables  for  the  lower 
weight  to  pass  through.  The 
cables  from  the  upper  or  car 
counterweight  pass  up  the 
shaft  and  over  the  pulleys  set 
at  the  top  ot  the  shaft  and 
thence  down  to  the  car. 


How    to    Run    an    Ele- 
vator.— Any    one    who    has 

tried  to  stop  an  elevator  at  a 
floor  will  agree  that  it  cannot 
be  done  without  experience; 
however,  the  following  direc- 
tions as  to  the  proper 
procedure  in  operating  and 
taking  care  of  the  plant 
will  be  found  of  value. 


arying  factor  introduced  whila  th«  car  Is 
t  chflnging  weight,  of  the  hoisting  fopo 

between  the  couiiierweiEht  sjid  its  overhead  pulley.    In  installationa  where  the  cais  maka 
Icdig  trips,  the  weight  o£  the  ropea  that  ordinarilv  would  have  Co  be  counterbalanced  variea 

imply  and  effectually  solved. 

. ^  _..^.      ."heie  may  be  but  one  balaiicinff  cham  attached  directly  beaea 


directly  beoeath  the  CI 

. .  .    „ ,  as  at  C,  or  else  two  chaina 

wei);ht  and  about  hsif  the  length  of  the  chain  C,  may  be  Ktuched 

J  , 1  _.....  _..j J, _  _<  .L.  _,j^  ^  shown,  »o  that  thev 

■AT.    In  either  case  the  t<^ 


to  the  bottom  of  the  car  and  tsstsned  at  the  middle  of  the  shaft  as 
lung  in  a  loop  in  the  shaft  ajid  travel  up  and  down  wiUi  the  car.    In  eitbt 
weight  of  the  balancing  chain  or  chains  must  be  equal  to  the  Weight  of  rope 
The  chief  objection  to  cbaina  u  (SMnponMton  -  """ 
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Before  Starting* — The  main  switch  cdnnecting  the  motor  with  the  sui)pty 
circuit  must  be  clewed.  This  switch  should  not  be  closed,  however,  until  it  is 
positively  known  that  the  hand  rope,  pilot  wheel,  lever,  or  switch  of  the  operat- 
mg  device  in  the  car  is  in  its  off  position. 

Starting. — In  all  cases  the  car  should  be  started  gradually,  although  in 
order  that  a  reasonable  average  speed  be  maintained  between  floors  the 
acceleration  must  be  rapid. 

In  starting,  considerably  more  power  is  required  than  after  the  car  has  reached  its 
normal  speed,  and  the  more  abrtrat  the  start  the  greater  this  abnormal  power  and  the  grafter 
the  stress  in  the  various  parts  of  the  equipment. 

Stopping. — ^An  abrupt  stopping  of  the  car  produces  a  severe  stress  on  the 
braking  apparatus .  If  the  stops  be  made  within  the  distance  that  the  operator 
can  see  the  landing  at  which  he  aims,  the  best  results  will  be  obtained  for  moder- 
ate speed  cars.  This  allows  the  operator  about  eight  feet  in  which  to  bring 
the  car  to  a  stop  from  full  speed.  A  skillful  operator  can  readily  do  this,  but 
an  unskillful  one  may  require  a  much  longer  distance. 

Sudden  RevernaL — On  account  of  the  waste  of  power  and  the 'strain  on 
the  apparatus,  it  is  advisable  not  to  suddenly  reverse  the  direction  of  travel 
of  the  car;  also,  to  bring  the  floor  of  the  car  on  a  level  with  the  landing  at  the 
first  stop,  not  run  past  and  then  back  up,  or  stop  too  soon  and  thus  have  to 
start  and  stop  again. 

B7  giving  attention  to  these  points,  not  only  will  the  power  used,  and  therefore  the 
operatmg  expense  be  reduced,  but  the  useful  life  of  the  motor  starter  contacts  will  be  pro- 
longed .  These  contacts  suffer  most  from  the  sparking  and  flashing  produced  by  switching  off 
the  current  when  the  motor  has  just  started  or  while  it  Is  running  very  slowly. 

Motor  Starter  Contacts. — These  contacts  should  always  be  kept  smooth 
and  bright.  A  piece  of  fine  sand  paper  rubbed  over  them  is  the  best  means 
of  producing  the  desired  result.  After  sand  papering,  the  loose  particles 
should  be  blown  out  with  a  bellows. 

The  bearings  and  cams  of  the  motor  starter  should  be  kept  clean  and  well 
oiled,  and  if  a  dash  pot  be  provided  to  prevent  the  contact  arm  moving  over 
the  contacts  faster  than  is  necessary  to  secure  the  proper  acceleration  of  the 
motor,  this  should  be  adjusted  so  that  the  arm  will  descend  in  from  five  to 
seven  seconds. 

As  the  retarding  action  of  the  dash  pot  may  be  overcome  by  gravity,  a 
spring,  magnetic  attraction,  or  by  the  motion  imparted  from  the  motor,  the 
shafting,  or  the  elevator  machine,  the  method  of  adjustment  will  depend 
upon  which  form  of  motor  starter  be  used. 

Caution  in  Adjusting. — An  important  point  to  remember  in  connection 
with  the  deaning,  oiling,  or  adjusting  of  the  motor  starter,  and  in  fact  in  con- 
nection with  the  deanmg,  oiling,  or  adjusting  of  any  parts  of  the  elevator 
equipment,  is  to  open  the  main  switch  connecting  the  motor  to  the  supply 
circuit  before  commencing  these  operations;  this  will  tend  to  prevent  acddents 
of  an  electrical  or  a  mechanical  nature. 


ftG.  5,810.— Otia  1  »  I  DVar  mounted  traction  elevator  machine,  consiating  enentiallf  at  « 
■low  speed  shunt  wound  motor,  a  traction  drivingpulle!',  and  a  cr.agnelioatly  released 


ioiit»ct»,  one  after  the  other,  as  the  car  approaches  the  limits  of  travel.    This  automatie 
Ktan  beiiv  — -* * —  ''  •'■ — ■—  ■-  "- ■-  -"—■■ .,...._i  ... 


These  switchea  are  operated   hy  cams  in  the  shaft  that  opeD  tho 

—  .1 .} .1 1 —  .1..  ii_i*.  _i . 1     ^[,jj  gy(p — .:. 

. ,. ..-.  -   — though  tl 

iting  devics  be  left  in  the  full  speed  position.    The  usual  safety  devices  installed  in 

— : ;.i. 1 »...  J  „ith  this  type  of  elevatar,  including  speed 

o-i.i'.iiig  the  rails  in  case  o[  the  car  attaminB 
eguani  i«9ultinff  from  the  airangeoMmt 
iKivaae  in  tractioa  which  fallows  the  botto 

Tweight  on  their  oil  buffer*.    This  mlnimiioa  the  lifti__ 

of  tbe  nwtoTi  until  normal  conditions  aie  resumed.  Inasmuch  as  in  an7  proijerly 
ucted  elevator  tbe  ropina  is  so  arranged  that  the  couatcrweiebt  will  test  oa  ita  oil 
before  the  car  reaches  the  overiiead  work,  or  vice  vena,  it  Uurefore  will  be  aean 


eiceaaive  speed,  and  pressure  awitches.  One  safeguard  lesultins  from  the  arrangemenl 
and  tbe  method  of  driving  the  cables,  is  the  decrease  in  traction  which  follows  tbe  bottonf 
'' or  the  cotmterweuht  on  their  oil  buffers.    This  mlnimiEes  the  liftiati 


before  the  car  reachesthe  overiiead  woric  or  vice  vena,  it  Uurefore  will  be  aean 
.r___.  I '---*'— oaOrti»*VBi7 TBloaUa and aSscttwiriBO 


that  the  above 


re  mherent  in  this  type  of  elevator. 
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Car  Stop8, — If,  in  the  operation  of  an  elevator,  the  car  stop  for  some  un- 
known reason,  the  operator  should  at  once  shift  his  controlling  device  in  the 
car  to  the  off  position.  If,  then,  upon  shifting  the  controlling  device  again  to 
start,  the  car  refuse  to  move  in  either  direction,  some  one  of  the  foUowing 
occurrences  has  probably  taken  place:  It  may  be  that  the  car  or  counter- 
weight has  met  with  some  obstruction  and  the  slack  cable  device  has  operated; 
that  there  is  a  poor  contact  in  the  switch  or  connections;  that  the  fuse  or 
circuit  breaker  has  opened  the  motor  circuit;  or  that  the  current  has  been 
turned  off  the  supply  wires.  In  any  case,  the  motor  should  be  examined 
before  starting,  to  see  that  no  damage  has  been  done  to  it. 

Car  Stop8  Between  Landings. — ^When  this  happens,  owing  to  a  failure 
in  supply  of  power,  an  effort  should  be  made  to  have  the  main  switch  opened, 
the  brake  released,  and  the  worm  shaft  turned  either  by  pulling  on  the  brake 
pulley  or  with  a  wrench  on  the  end  of  the  armature  shaft  so  as  to  bring  the  car 
to  a  floor  landing  and  allow  the  passengers  to  get  out. 

In  some  elevator  motors,  the  free  end  of  the  armature  shaft  is  imrposely  made  square 
to  facilitate  turning  the  shaft  with  a  wrench  as  just  mentioned. 

Car  Beyond  Control. — If  the  operator  find  he  has  lost  control  of  the  car 
and  cannot  stop  it,  he  should  not  become  frightened  but  allow  it  to  make  the 
full  run,  relying  on  the  limit  stops  to  automatically  bring  the  car  to  a  stand- 
still at  either  end  of  its  travel. 

Limit  Stops, — ^The  operator  should  not  rely  on  the  limit  stops  to  make  a 
top  or  bottom  landing,  but  should  operate  the  controlling  device  in  the  car 
as  he  would  to  make  any  intermediate  landing.  It  is  advisable,  however,  to 
test  the  adjustment  of  the  limit  stops  and  determine  if  they  remain  in  proper 
working  order  by  trying  them  once  daily  by  means  of  the  car. 

Caution  While  Car  is  in  Motion* — The  operator  should  never  leave  his 
car  while  it  is  in  motion,  and  he  in  turn  shotdd  never  allow  a  passenger  to 
enter  or  leave  imtil  the  car  has  stopped  at  a  landing. 

The  majority  of  elevator  accidents  have  resulted  from  carelessness  in  observing  this 
simple  rule,  showing  that  more  attention  should  be  given  it  by  operators  than  heretofore 
has  been  the  custom.  As  the  operator  opens  the  doors  at  a  landing  he  should  call  out  "up" 
or  "down,"  depending  upon  the  direction  in  which  the  car  is  making  the  trip,  and  while  h« 
should  allow  ample  time  for  passengers  to  reach  the  car  from  wherever  they  may  be  standing, 
it  may  be  necessary  in  certam  cases  to  add,  "step  lively,  please." 

Leaving  Car  for  the  Night. — ^When  the  elevator  is  left  for  the  night,  the 
car  should  be  brought  to  the  lowest  landing  and  allowed  to  remain  there .  Care 
must  be  taken  to  open  the  main  switch  connecting  the  motor  to  the  supply 
circuit,  before  leaving  the  premises.  In  fact,  whenever  the  car  is  to  be  left 
idle  for  any  length  of  time,  this  switch  should  be  opened  to  prevent  any  possi- 
J^ility  of  the  motor  starting  up  and  causing  damage. 
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CHAPTER  89 
CaElANES  AND  HOISTS* 


*The  subjects  of  steam  hoists ^  pile  drivers,  etc.,  have  been 
treated  at  considerable  length  in  chapters  27  and  28  {Guide 
No,  2)  and  the  matter  here  presented  under  ** Hoists'*  is  not 
a  repetition,  but  items  not  covered  in  the  chapters  just 
mentioned. 


By  definition,  a  crane  is  a  machine  for  lifting,  lowering  and 
moving  a  load  in  a  horizontal  direction,  as  distinguished  from  a 
hoist  which  simply  Hits  and  lowers  a  load. 

The  numerous  and  diverse  conditions  of  service  require  a 
multiplicity  of  type,  and  accordingly  cranes  may  be  classified: 

1.  With  respect  to  the  naotive  power,  as 

a.  Steam. 

b.  Pneumatic. 

c.  Hydraulic. 

d.  Electric. 

2.  With  respect  to  the  character  of  the  horizontal  motion,  as 


a.  Rotary 


b.  Rectilinear 


swinging  cranes 
jib  cranes 
column  cranes 
pillar  cranes 
pillar  iib  cranes 
derrick  cranes 
walking  cranes 
locomotive  cranes 

bridge  cranes 
tram  cranes 
traveling  cranes 
gantry  cranes 
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e.  Comtrtnation  rotary  and  rectilinear. 
In  addition   to   these,   there   are   some   miscellaneous  types 
known  as 

1.  Sheer  le^. 

2.  Transporters. 

3.  Telphers  {SSSSS,yrt«,. 

The  following  definitions  of  the  various  tyi)es  show  the  inherent 
8  of  each: 


Pig.  5^1  l-^Nrjrthem  hand  power  traveling  craiu  desigTiEd  for  u9«  when  service  is  infrequeDt 
»nd  when  sjwedij  not  eJsential.  an  I  etpeciallv  where  law  finit  cost  ii  desintd.  The  e™iiB 
isDperstedfmmthsfloorby  meaiu  of  hiaJ  chains  but  &  special  form  is  made  for  platform 

Bridge  cranet. — Having  a  fijted  bridge  spanning  an  opening  and  a  trolley 
moving  across  the  bridge. 

Column  crane*. — Identical  with  the  iib  cranes,  but  rotating  around  a 
fixed  column  (which  usually  supports  a  floor  above). 

Derrick  cranes. — Identical  with  jib  cranes,  except  that  the  head  of  the 
mast  is  held  in  position  by  guy  rods  or  stifF  legs,  instead  of  by  attachmeat 
to  a  roof  or  ceiling. 

Gantry  cranea. — ^The  same  as  a  traveling  crane  except  that  the  bridge 
member  is  supported  on  structural  legs  of  suitable  height ,  which  are  pro- 
vided with  wheels  and  suitable  gearing,  so  that  the  crane  may  be  propelled 
bodily  along  the  tracks  which  are  on  the  ground. 

Jib  cranea. — Having  rotation  and  a  trolley  traveling  on  the  jib. 


magnetic  GontroleqiuP7 
.uchphysicalefTcrt  would  be  required  to  move  a  controller  of  the  necessary  sue  sad 


_  Maantlle  Controll*n.    Bot 

luse.    The  former  are  EBti^sfactQiy  for 


ically  conl'r"Tl!ng  the"sequenee  and  rapidity  with  which  the  contactor! 
ontrollec  handle  can  be  thrown  to  the  full  speed  position  quickly  witi 
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Locomotive  cranea. — Consistin 
aad  jjTOvided  with  power  capable  ol 
of  hoisting  and  lowering  the  load. 

a  being  sup- 

a  having  a  jib  and 

Jtotarff  bridge  cranea. — Combining  rotary  and  rectilinear  movements 
and  consisting  of  a  bridge  pivoted  at  one  end  to  a  central  pier  or  post,  and 
supported  at  the  other  end  on  a  circular  track,  provided  with  a  trolley 
moving  transversely  on  the  bridge. 

Swingtna  cranea. — Having  rotation,  but  no  trolley  motion. 


Pro.  6.812.— Northen 


EssCTitials  ot  Rotary  Cranes. — Tn  this  type  of  crane,  the 
construction  is  such  as  will  pAmit  the  load  to  be  lifted,  lowered, 
and  moved  radially.  An  example  of  rotary  crane  is  shown  in 
fig.  5,813,  which  illustrates  the  essential  features  of  a  locomotive 
jib  crane. 
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Oues.    What  area  is  served  byr  a  locomotive  jib  crane? 

Ans.     It  is  equal  to  twice  the  maximtun  radius  of  the  jib, 
and  a  length  depending  on  the  length  of  track  laid . 

Oues.    What  is  the  effective  radius  of  the  jib? 

Ans.     Its  projection  on  the  horizontal  plane  passing  through 
the  pivot  on  the  lower  end  of  the  jib. 


Pig.  5,813. 
C,  rope 

shifting  _      .  _  ^ , 

H,  framing;  I,  pin:  J,  turning  or  shewing  wheel;  K,  truck;  L,  pinion;  M,  turning  and 
propelling  motor.  As  shown  in  the  fixure,  the  hook,  which  engages  the  load ,  hangs  from  the 
end  of  the  jib  A,  which  is  supported  by  the  piece  B,  and  rope  C,  which  leads  to  the  drum  D. 
By  winding  in  or  paying  oit  the  rope  C,  the  radius  of  the  jib  in  the  horizontal  plane  can  be 
increased  or  diminished.  The  rope  for  hoisting  the  load  is  brought  over  a  pulley  at  the  head 
of  the  jib  and  led  to  the  drum  P.  Drums  D,  and  P,  are  usually  arranged  to  be  driven  from 
one  motor  G,  clutches  bsing  so  arranged  that  when  the  motor  is  in  gear  with  the  one  drum, 
it  is  out  of  gear  with  the  other.  The  pib  and  hoisting  ^ear  are  carried  by  the  framing  H, 
which  turns  upon  the  pin  I,  the  turning  or  slewing  being  accomplished  hy  means  of  the 
wheel  J,  which  is  secured  to  the  platform  of  the  truck  K,  and  pinion  L,  (carried  by  bearings 
in  the  framing  H) ,  which  i s  driven  by  the  m  otqr*  M .  It  is  usual  for  the  framing  to  be  capable 
of  making  a  complete  circle.  The  motor  M,  is  also  used  to  drive  the  truck  along  the  rails. 
A  vertical  shaft  driven  from  this  motor  passes  through  the  pin  I,  and  drives  one  or  both 
of  the  axles  by  means  of  bevel  gear.  Clutches  are  provided  so  that  the  motor  M ,  may  be  used 
for  slewing  or  traveling .  The  load  is  balanced  by  the  weight  N .  A  foot  pi  ate  for  the  operator 
is  provided  on  the  framing  just  in  front  of  the  balance  weight,  and  the  controllers  andclutch 
"-"vers  are  within  easy  re^cb- 
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Prcs.  6,814  and  5,815. — ^Ridgway  steam  hydraxdic  cylinder  or  geared  elevator.  Ridgway  steam 
hydTaulic  balanced  crane .  In  construct  ion,  a  vertical  moving  jib  M ,  carrying  a  free  trolley 
T,  is  su^)ended  by  four  short  and  heavy  chains,  two  at  each  end.  The  chains  from  the 
outer  end  pass  over  wheels  on  the  end  of  the  inclined  braces,  and  the  chains  from  the  inner 
end  pass  over  wheels  on  the  mast ,  and  all  four  chains  are  connected  with  the  upper  end  of  the 
cylinder  either  by  being  attached  to  it  or  by^  passing  around  wheels  on  top  of  it.  The  piston 
rod  of  the  cylinder  is  hollow .  Its  lower  end  is  securely  fastened  to  a  projection  of  the  bottom 
gudgeon.  The  passage  way  of  the  piston  rod  is  contmued  throtigh  the  gudgeon  projection, 
and  IS  thence  connected  with  an  inverted  U  shaped  stuffing  box  which  is  placed  in  the  mast. 
From  this  stuffing  box  the  pipe  leads  out  through  the  foundation  plate .  By  the  arrangement 
of  the  chains  (see  small  cut,  fig.  5,815,  where  A,  are  the  chains  to  outer  end  of  jib,  BB. 
chains  to  inner  end  of  jib,  the  cylinder  always  tends  to  hang  perfectly  plumb,  no  matter  at 
what  point  on  the  jib  the  load  may  be) .  The  chains  being  fastened  to  the  end  of  the  cylinder, 
the  jio  has  the  same  motion  as  the  cylinder.  From  this  construction  it  is  seen  that  when  the 
cylinder  is  pressed  down,  the  rod,  the  jib  and  its  trolley  will  rise  in  proportion.  As  the  pres- 
sure is  used  to  oi>erate  the  crane  is  the  usual  steam  or  air  pressure  of  the  plant,  and  is  not 
often  more  than  60  to  100  pounds,  the  cylinder  must  be  large  in  diameter  in  order  to  be  big 
enough  to  lift  the  load.  This  large  and  heavy  cylinder  would  offend  the  eye  and  be  very 
objectionable  were  it  not  that  its  size  and  weight  are  used  for  the  important  and  valuable 
service  of  balancing  the  jib  and  all  the  overhang  of  the  crane.  The  jib  is  very  heavy,  and 
would  be  a  good  load  of  itself  for  a  low  pressure  to  handle  were  it  not  balanced  by  the  cylinder. 
It  will  also  be  noted  that  the  wheels  upon  the  mast  are  set  back  from  the  centre.  _At  these 
wheels  is  concentrated  all  the  weight  of  the  cylinder  and  half  the  weight  of  the  jib.  Thl« 
weight  counterbalances  the  inclined  struts  or  braces  and  other  parts.  Thus,  when  set  ' 
the  whole  crane  is  in  balance  and  there  is  no  overhang. 
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Ques.  What  Is  the  most  economical  position  of  the 
inclined  brace  in  a  Jib  crane? 

Ans.  The  position  in  which  the  inclined  brace  intersects  the 
jib  at  a  distance  from  the  mast  equal  to  */i  of  the  effective  radius 
of  the  jib. 

Essentials  of  Rectilinear  Oanes.— This  form  o£  crane  differs 
from  the  preceding  type  in  that  the  load  is  moved  linearly 
instead  of  radially.  The  essential  features  of  rectilinear  cranes 
are  shown  in  ^.  5,820,  which  illustrates  a  rectilinear  crane  of 
the  travelii^  type. 


Pte.S,S20. — BlectrictrBvelinsctiiM.  Thapartaare:  AA.GnHBBinlenkiiownii9tbsfrrj<fa(. 
BB,  end  curriaigBar  CC,  eleviwd  track  atmcture  or  lonfrieij  D.  Tioiatioa  dnmi!  E.  hoiitiDB 
motor;  P,  transveiH  proiHlliDg  motoT;  O.  lonsituiliiial  piapelling  motor;  B,  cage  or  open  tor's 
pbttform. 

In  conttruction,  a  pair  of  cross  girder  AA,  known  as  the  bridge,  are 
supported  on  the  end  carri^ee  BB.  The  wheels  of  the  end  carriages 
run  on  rails  mounted  on  elevated  structures  or  funiriei  CC.  The  purpose 
of  the  crane  i3  to  lift ,  transport ,  and  deposit  loads  anywhere  within  an  area 
a  little  less  than  the  width  between  the  gantries  and  of  a  length  depending 
on  the  lei^h  of  the  gantries.  Rails  are  laid  on  the  cross  giriiers  AA,  and 
a.  crab  or  trolley  runs  on  these  rails. 

The  trolley  has  two  motions,  each  driven  by  its  own  motor. 
The  hoisting  motion,  for  lifting  and  lowering  the  load,  conmsts  of  the 
dram  D,  driven  through  suitable  gearing  by  the  motor  E.     To  traverse  the 
crab  idong  the  cross  girders,  the  motor  P,  drives  one  pair  of  wheel  throug' 
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paring.  For  the  purpose  of  traveling  the  crane  along  the  gantry ,  the  motor 
&,  is  mounted  at  the  center  of  one  of  the  cross  girders,  and  from  each  end 
of  the  motor,  a  shaft  is  led  to  drive  one  wheel  in  each  of  the  end  carriage . 
The  traveling  motor  is  mounted  at  the  center  of  the  cross  girder  to  obtain 
an  equal  amount  of  twist  in  .both  parts  of  the  shafting  so  as  to  avoid  cross 
wind. 

Essentials  of  Combined  Rotary  and  Rectilinear  Cranes. 

-A  modificatioii  of  the  traveling  crane,  which  combines  the 


functions  of  the  two  classes,  rotary  and  rectilinear,  consists  in 
pivoting  one  end  of  the  bridge  of  a  traveling  crane  and  sup- 
porting the  other  end  on  a  circular  gantry  as  shown  in  fig.  5,821. 


CIRCULAR  OANTRY 


SPUR  DOUBLE  REDUCTlOtI 
OEARS 


RADIAL  PROPELLING  MOTOR 


Pig.  6,821. — ^Electric  combined  rotary  and  rectilinear  crane.  In  conatruetion  most  of  the 
parts  are  identical  with  those  of  fig.  5,823,  and  the  letters  on  these  parts  are  the  same  for 
each  figure.  This  type  differs  from  fig.  5,820,  in  the  replacement  of  one  gantry  by  a  pivot 
P,  and  the  other  straight  gantry  by  a  circular  gantry  which  may  be  cither  an  arc  or  a  com- 
plete circle  as  desired.  One  end  of  the  bridge  is  pivoted  at  P,  and  at  the  other  end,  a  section 
of  the  circular  gantry  is  shown.  The  circ^ar  gantry  may  continue  all  the  way  around  or 
only  for  a  short  arc,  as  may  be  desired.  The  figure  clearly  shows  that  the  rotary  motion  is 
obtained  by  operating  motor  G.  and  the  rectilinear  motion,  by  motor  P,  while  hoisting  and 
lowering  is  effected  by  motor  £. 

The  illustration  shows  that  most  of  the  mechanism  is  identical  with 
that  of  the  traveling  crane. 

Essentials  of  Transporters. — By  definition  a  transporter  is 
a  lifting  and  transporting  machine  designed  to  carry  loads  between 
two  fixed  points.    It  is  used  chiefly  ior  handling  comparatively 
light  loads  at  quick  speeds  and  employed  largely  tor  the  con- 
veyance of  materials  such  as  coal  in  bulk.    For  the  latter  service 
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it  is  provided  with  an  automatic  grab  instead  of  a  hook.     Pig. 
4,221  shows  the  essential  features. 

Ques.    How  long  does  a  complete  cycle  take  in  this  type 
of  apparatus  ? 

Ans.    Prom  one-half,  to  one  minute. 


Fic.^  5,826. — ^Electric  transporter,  :The  porta  are:  A,  load  rope;  B,  carnage;  ^  C,  beam; 
D;  grab.  In  operation,  the  .grab  being  full,  the  electrically  driven  drum  winds  in  the  load 
rope  A .  The  carriage  B ,  being  hfeld  by  a  trigger  at  the  bottom  end  of  the  beam  C ,  the  winding 
in  of  the  rope  lifts  the  grab.  When  it  is  headed' right  up  to  the  carriage » it  locks  itself  to  it, 
and  at  the  same  time  lets  go  the  trigger.  The  carri^e  is  pulled  along  the  beam,  but  as  the 
rope  is  now  single  purchase,  the  carriage  is  pulled  cuong  at  double  the  speed  at  which  the 
load  was  hoisted.  On  arriving  at  the  top  end,  the  (carriage  is  held  by  a  trigger  and  the 
grab  is  freed  from  the  carriaie .  The  motor  is  now  reversed ,  and  the  grab ,  after  being  lowered 
a  given  distance,  discharges  its  contents.  The  motor  is  again  reversed,  thus  hoisting  the 
grab  up  to  the  carriage ,  to  which  it  locks  itself  and  frees  the  trigger.  On  reversing  the  motor, 
the  carriage  runs  down  the  beam,  and  at  the  bottom  end  is  caught  by  the  trigger,  while  the 
grab  is  released  and  continues  to  run  down  till  it  plunges  into  the  material,  thus  completing 
the  cycle. 

Ques.    What  i^  the  grab  load  ? 

Ans.     From  one  to  one  and  one-half  tons. 


NOTE. — Crane  Motore. — ^Por  driving  the  traveling,  traversing,  and  slewing  motions 
of  crane,  series  wound  motors  of  a  generally  similar  type  to  those  used  for  electric  t*'action  give 
satisfactory  results,  this  work  being  in  fact  a  simple  class  of  electric  traction.  The  driving 
of  the  hoisting  motion  presents  a  more  difficult  problem,  for  though  it  is  easy  to  lift  the  loaa 
up,  it  is  not  always  so  easy  to  get  it  down  again  in  a  satisfactory  manner. 
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Automatic  Electro-magnetic  Brakes. — It  is  cttstomary  to 
fit  the  hoisting  motion  with  an  electro-magnetic  brake.  This 
may  consist  of  a  band  brake  which  is  normally  kept  on  by  a 
spring  or  weight  and  released  by  an  ironclad  &olen<nd,  or  it 
may  be  a  disc  brake  in  which  tiie  discs  are  normally  pressed 
t(^ether  by  a  spring,  an  electro-magnet  being  provided  to  pull 
back  the  pressure  plate  and  release  the  discs. 


Fra.  9i836. — Sectional  view  of  Shav  t7i»  Z  cruie  jnotor.    The  fnmes  an  of  cut  Bt«e]  iplit 
'diocinully  and  when  umobls) , with  beuiogs  contpleldr  encloaa  the  arouttue.^  Th* 


has  four  (aiieiit  polee  cast  intural  witJi  the  irame  and  »  ahaped  that  the  fMA  cqQ*  i 
.;i..  1 . : — 1_._      Tn.,  braxo  is  attached  to  the  lower  hau  of  the  fnuDS  eo  that  ' 


n  be  tgjcen  aput  without  diituitHng  it  eiC(iI>t  that  tho  be 

by  talciag  out  the  two  pins  holding  same. 

The  coil  o£  the  solenoid  or  electro-magnet  is  in  tnmiit  with  the  hoisting 
motor,  so  that  when  current  is  swit^JiSi  on  to  the  motor,  the  brake  is 
released,  aad  when  it  is  switched  tM,  the  brake  is  applied.  This  makes  an 
excellent  safety  device,  but  as  it  can  only  be  off  or  fim  on,  it  cannot  be  used 
to  regulate  the  descent  of  the  load  when  lowering. 

In  cases  where  the  driver  has  access  to  the  gear,  as  in  locomotive  jib 
cranes  and  derricks,  an  addition  may  be  made  to  the  electro-magnetic 
brake  in  the  form  of  a  hand  or  foot  release  lever,  by  which  the  brake 
can  be  released  or  its  pressure  regulated.  Loads  are  then  hoisted  by  the 
motor,  and  are  allowed  to  run  down  by  their  own  weight,  the  speed  of 
descent  being  regulated  by  the  brake. 

Where  the  driver  operates  the  gear  from  a  distance,  the  arrangement 
just  described  is  not  practicable ,  and  some  automatic  or  electricaUy  con- 
trolled [Qtisng^nient  must  be  used  to  c^edc  the  speed  of  descent  of  Ute  load. 
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ne  constructLoat  Electric  brake.  Tt  u  of  the  ironclad  KAaaHA 
ble  brake  band  which  entravea  almost  tha  eTitireciTE^umfermcB 
■i.  The  band  is  of  ipecial  aUel  and  lined  with  a  Rnewabla 
bralco  ia  oquallf  efToctivo  in  either  direction.  The  brake  is 
rent  flowing  thiough  the  motor  and  U  always  oS  when  mote 


FlO.  SSM. — Nilea  cnnc  conatmctiooi  Mechankal  load  brats,  tt  ia  of  the  SanbTo  Hiae  tyiie 
with  hard  bronze  wearing  surfaces.  It  is  automatic  inaction  and  self-contoiited,  all  thnista 
being  taken  up  withia  itself.  Tho  brake  iHIl  not  permit  the  load  to  run  down  nnlen  the 
motor  is  revolved  by  power  in  the  lowering  direction.    The  biske.  together  with  the  inter- 


BsibOity,  ideal  lubrication  aod 
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Automatic  Mechanical  Brake. — ^A  common  arrangement 
is  the  automatic  mechanical  brake.  The  brake  is  usually  of 
the  disc  type,  and  is  arranged  to  allow  the  gear  to  run  freely 
in  the  direction  of  hoisting,  but  holds  it  from  running  in  the 
opposite  direction,  being  applied  by  a  screw,  or  it  can  be  arranged 
to  be  operated  automatically  by  the  load. 


Figs.  5,830  and  5,831.  — Shaw  overhead  wharf  crane.  The  handling  of  freight  at  a  marine 
terminal  presents  two  distinct  but  closelv  related  problenis:  the  loading  and  unloading  of 
ships  and  the  distribution  of  freight  on  the  pier.  The  crane  here  shown  is  designed  for  such 
service  ana  iraveis  on  iracxs  carried  above  the  roof  oi  the  shed.  The  boom,  when  in  working 
position,  stands  with  the  outer  end  extending  over  the  ship  and  the  inner  end  projecting 
through  the  doorway  into  the  shed.  ^  The  usual  working  angle  is  24  to  30  degrees  from  the 
horizontal,  but  this  angle  can  be  varied  as  the  heiglvt  of  the  boat  and  other  conditions  may 
require.  ^  A  trolley,  comprising  merely  a  light  frame  with  the  necessary  pulleys  and  wheels, 
from  which  the  hoisting  block  hangs,  travels  out  and  in  from  one  end  of  the  boom  to  the 
other.^  When  the  crane  is  not  in  service  the  boom  can  be  raised  to  a  nearly  vertical  posi- 
tion, in  which  position  the  lower  end  is  withdrawn  from  the  shed  and  the  upper  end  is 
xemoved  from  over  the  ship.  The%hed  doors  can  then  be  closed,  the  crane  can  be  moved 
to  another  location,  and  ships  can  sail  or  dock  without  interference  with  the  crane  boom. 
This  crane  is  adapted  especially  to  those  terminals  in  which  a  railroad  track  is  extended 
along  the  edge  of  the  pier.  ^  Having  no  supports,  outside  of  the  railroad  track,  the  space 
is  clear,  so  that  long  material,  such  as  poles,  railroad  rails  and  structural  steel,  can  be 
handled  between  ships  and  cars  without  swiveling.  The  shed  should  have  a  heicrht  sufficient 
to  give  clearance  for  handling  freight  over  the  sides  of  the  largest  ships  entering^  the  x>ort  wher 
floating  light  at  high  tide  or  river  stage.  A  capacity  of  6,000  p^ounds  is  considered  suitaV 
lor  moet  terminals,  but  this,  as  well  as  other  details,  can  be  varied  to  suit  local  condition! 
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The  brake  is  released  by  running  the  motor  in  the  direction 
for  lowering.  As  the  motor  releases  the  brake,  the  load  tends 
to  put  it  on  again;  consequently  the  speed  of  descent  depends 
upon  the  speed  of  the  motor,  and  this  can,  of  course,  be  regulated 
by  the  driver  by  means  of  the  controU^. 

* 

Eddy  Current  Brake. — This  type  of  brake  is  only  used  to 
a  Kmited  extent.  It  consists  of  a  wheel,  generally  of  copper  or 
other  metal  of  low  electrical  resistance,  which  is  arranged  to 
rotate  between  the  poles  of  an  electromagnet.  The  wheel  is 
driven  by  the  descending  load,  and  eddy  currents  are  generated 
in  it,  which  give  rise  to  a  retarding  torque.  The  eddy  currents 
and  the  consequent  torque  are  regulated  by  varying  the  strength 
of  the  magnet  by  means'  of  a  regulating  switch  and  resistance . 

Rheostatic  Brake. — ^For  this  form  of  braking,  the  controller 
is  provided  with  several  positions  on  the  lowering  side,  called 
brake  points.  In  these  positions  the  controller  alters  the  con- 
nections of  the  motor  to  those  of  a  series  dynamo,  so  that  it 
generates  current  when  driVen  by  the  descending  load,  the 
energy  being  absorbed  by  the  controller  resistance.  The  speed 
of  lowering  is  regulated  by  varying  the  resistance. 

Regenerative  Control. — Instead  of  a  series  motor,  a  shunt 
wound  motor  may  be  used  to  drive  the  hoisting  motion.  A 
shunt  motor  has  the  advantage  that  its  speed  can  be  efficiently 
regulated  over  a  fairly  wide  range  oy  inserting  resistance  in  its 
field  circuit.  By  this  means  considerable  variation  of  speed  in 
lifting  and  lowering  may  be  obtained  without  the  necessity  of 
having  variable  speed  gear  in  the  hoisting  train,  and  when 
lowering,  the  shunt  motor,  if  overhauled  by  a  load,  becomes  a 
dvnamo  and  feeds  current  p^ck  to  the  circuit,  thus  automatically 


CRANES  AND  HOISTS  3,273 

controlling  the  speed  of  lowering.    This  system  has  been  in  use 
to  a  limited  extent  for  some  years. 

Collector  Gear. — To  convey  current  from  the  mains  to  the 
moving  crane  a  collector  gear,  generally  similar  to  that  used  for 
electric  tramway  work ,  is  employed .  For  overhead  cranes  copper 
wires  about  one-quarter  to  three-eighths  inches  diametei*  are 
stretched  along  the  gantry,  being  supported  at  the  ends  by 
globe  strain  insulators.  Trolley  wheels  or  slides,  moimted  on 
the  end  carriage,  make  contact  with  these  wires. 

From  trolley  wheels  or  slides,  insulated  cables  are  led  to  the  switches 
and  controllers,  and  to  another  set  of  trolley  wires  on  the  cross  girders. 
Contact  with  these  wires  are  made  by  sliders  or  trolley  wheels  on  the 
crab,  from  which  cables  are  led  to  the  motors. 

For  locomotive  jib  cranes  overhead  or  underground  collector  gear  is 
•used  similar  to  that  used  for  tramway  cars.  As  derrick  cranes  only 
swin^  backwards  and  forwards  through  a  portion  of  a  circle,  collector 
gear  is  not  necessary.  Connection  from  the  supply  mains  to  the  moving 
part  of  the  crane  can  be  satisfactorily  made  by  means  of  flexible  armotired 
cable. 

Controllers. — The  class  of  controller  most  commonly  used 
for  crane  work  is  that  known  as  the  drum,  or  tramway  type. 
In  these  controllers  the  wires  and  cables  are  brought  to  a  series 
of  fixed  contact,  usually  arranged  in  a  straight  line.  A  series 
of  corresponding  contact  are  attached  to  a  revolving  drum, 
the  various  combinations  of  connection  for  hoisting,  lowering, 
etc. ,  being  obtained  by  rotating  this  drum  into  different  positions. 

Power  Required  to  Drive  Cranes. — The  power  required 
to  drive  the  different  parts  of  a  crane  is  determined  by  allowing 
a  certain  friction  percentage  over  the  power  required  to  move  the 
dead  load.  On  hoist  motions  33 J^  per  cent  is  allowed  for  friction 
of  the  moving  parts,  thus  giving  a  motor  one-third  greater  capac- 
ity than  if  friction  were  neglected. 

For  a  bridge  and  trolley  motions,  a  journal  of  friction  of  the  track  wher* 
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axles  of  10  per  cent,  of  the  total  weight  of  the  crane  and  load  is  allowed. 
There  is  then  added  an  allowance  of  33^  per  cent,  of  the  horse  power 
required  to  drive  the  crane  and  load  plus  the  track  wheel  axle  friction  to 
cover  friction  of  the  gearing. 

Derricks. — By  definition  a  derrick  is  an  apparatus  for  lijiing 
and  numng  heavy  weights.    It  is  similar  to  the  crane,  but  differs 


Pig.  5 ,832 . — ^Tetry  standard  guy  derrick  with  bull  wheel  and  swinging  gear.  In  conatrtMction, 
all  the  fittings  except  the  foot  irons  and  sheaves  are  made  of  forgings  or  structural  shai>es. 
The  foot  block  and  mast  slip  are  made  with  a  ball  and  socket  universal  joint.  Uneven  setting 
or  a  settling  of  the  derrick  su]^ports  cannot  make  this  joint  pinch  or  retard  the  swinging  of  the 
boom.  A  back  lock  makes  it  impossible  for  the  mast  to  be  lifted  clear  of  the  step.  The 
spider  is  made  of  buckeled  plates.  The  regular  set  of  iron  for  a  guy  derrick  includes  the  mast 
head  block,  two  sheaves  in  the  foot  block,  one  sheave  in  the  mast  step,  and  one  sheave  in  the 
boom  end. 


from  it  in  having  the  boom,  which  corresponds  to  the  jib  of  the 
crane,  pivoted  at  the  lower  end  so  that  it  may  take  different 
inclinations  from  the  perpendicular. 
The  weight  is  suspended  from  the  end  of  the  boom  by  ropes  or 
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Pig.  5,833. — Terry  standard  stiff  leg  derrick  with  bull  head  and  swinging  gear.  This  tjrpe 
derrick  has,  as  its  name  implies,  rigid  timbers  or  "legs"  in  place  of  guys.  In  conatruetion, 
the  goose  neck  irons  for  the  stia  legs  are  made  very  heavy  at  the  bend  and  bent  close  in  to 
the  mast  top.  The  back  or  stiif  leg  connections  to  the  sills  allow  the  stilf  legs  to  be  set  at 
any  angle.  They  require  no  framing.  When  it  is  desired  to  rig  these  derricks  with  the  fall 
line  down  the  boom,  one  oz  the  mast  top  sheaves  is  put  in  the  mast  step .  The  length  of  the 
boom  should  be  approximately  1^  times  the  length  of  the  mast. 


NOTE. — Power  required  for  traoeUng  cranes  and  hoiatB.  Ulrich  Peters,  in  Machinery 
November,  1907,  develops  a  series  of  formulae  for  the  power  required  to  hoist  and  to  move 
trolleys  on  cranes.  The  following  is  a  brief  abstract.  Resistance  to  be  overdome  in  moving 
a  trolley  or  crane  bridge.  Pi —rolling  friction  of  trolley  wheels,  P««=  journal  friction  of  wheels 
or  axles,  P»»inertia  of  trolley  and  load.    P=simi  of  these  resistances  = 


(Fi+Fid 
+ 


— ) 

!,932t/ 


in  which  T«=weight  of  trolley,  L-^load.  Fi— coeffi- 


cient of  rolling  friction,  about  .002  (.001  to  .003  for  cast  iron  on  steel);  Fj  —coefficient  of  journal 
friction,  —  .1  tor  starting  and  .01  for  running,  assuming  a  load  on  brasses  of  1,000  to  3,000 
pounds  per  square  inch;  (F^  is  more  apt  to  be  .05  unless  the  lubrication  be  perfect) ;  d  —diam- 
eter of  journal;  D —diameter  of  wheels;  V —trolley  speed  in  feet  per  minute;  t— time  in  seconds 
in  which  the  trolley  under  full  load  is  required  to  come  to  the  maximum  speed.  Horse  power  — 
sum  of  resistances  Xspeed,  feet  per  minute  t- 33 ,000.  Force  required  for  hoisting  and  lowering: 
Fii  —actual  hoisting  force,  P°  —theoretical  force  or  pull,  L  —load,  V  —speed  in  feet  per  minute 
of  the  rope  or  cham,  c— hoisting  sptsd  of  the  load  L,  c-i-V— transmission  ratio  of  the  hoist, 
e— efficiency— Fh-^F®.  The  actual  work  to  raise  the  load  per  minute— FhV—Lc—F®V+e. 
The  efficiency  e  is  the  product  of  the  efficiencies  of  all  the  several  parts  of  the  hoisting  mechan- 
ism, such  as  pulleys,  windlass,  gearing,  etc.  Methods  of  calculating  these  efficiencies,  with 
examples,  are  given  at  length  in  the  original  paper  by  Mr.  Peters. 
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chains  that  pass  through 
a  block  at  the  end  of  the 
boom  and  thence  direct- 
ly to  the  crab,  a  winding 
apparatus  or  motor  at 
the  foot  of  the  post. 
Another  rope  connects 
the  top  of  the  boom 
with  a  block  at  the  top 
of  the  post,  and  thence 
passes  to  the  motor 
below. 

The  motions  of  the 
derrick  are: 

1.  A  direct  lift. 

2.  A  circular  motion 
arotmd  the  axis  of  the 
post. 

3.  A  radial  motion 
within  the  circle  describ- 
ed by  the  point  of  the 
boom. 


On  shipboard  a  derrick 
is  a  spar  raised  on  end, 
with  the  head  steadied  by 
guys  and  the  heel  by  lash- 
ings and  having  heavy 
weights.  The  accompany- 
ing illustrations  show  vari- 
ous types  of  .derrick  in 
general  use. 


CRANES  AND  HOISTS 


Pic.  E,S36.— Dcrricic  Ettingi:  1,  fool  block  ar^  masl  sUttiina.  ihowing'iocV  at  the  tOiToltbt 
ball  uid  socket  joint.  TherearatwoBheaveamthefootblackftndoneintbeTniiststcp.  Tba 
■heave  in  the  mast  step  is  not  required  £of  EtifE  leg  derricks.  Special  loot  blocla  and  mast 
Btep*  txe  required  for  bundling  clam  EhcU  or  oiaoBe  peel  buckets  and  other  thiM  tine  work. 


Pigs.  $.837  and  5.S38.— Deirick  fittings:  2.  m 
foTBuydanicka;  fis-^-SSS.iniiiswitheoasi 
vitH  block,  pin.  shackles,  back  plate  aod  b 
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9ias.  fl,S41  and  5, S42.— Derrick  fittings;  4,  toow  idler  for  guy  dtrricta  and  boom  end  tor  ova- 
■ting  clam  shell  or  onnge  peel  buckets.    The  bole  on  lower  side  is  for  a  shackle  pin  wbkh  cu 


IFlcs.  S.843  and  5.844.— Derrick  fittines^  5.  mill  brmkeli  used  with  derricks  operatiiia  cUm 


shtavts  for  bull  wbeel 
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Hoists. — For  lifting  heavy  pieces  in  machine  shops  and  various 
other  industrial  plants,  various  forms  of  hoist  are  used.  These 
may  be  classified 

1.  With  respect  to  the  power  employed,  as 

b.  Pnetunatic. 

c.  Electric,  etc. 


PTC.  6,845.— Demck  fittings:  6,  Tory  all  steel  bull  wheel  and  guide  sheaves.  The  whed  » 
nide  in  halves  and  may  te  conveniently  erected  without  unstepping  the  mast.  Theiin^is 
B  lie»vy  BOgle  iron  iritll  the  vertical  leg  rolled  wilh  an  appreciable  outward  flare  which 
eUminates  any  tendency  for  the  line  to  climb.  An  invcned  movable  section  of  the  lina  is 
ptoeed  under  the  boom  which  makss  it  a  toll  circle.    The  braces  which  drive  the  boom  me 


2.  With  respect  to  the  lifting  medium,  as 


3.  With  respect  to  the  form  of  gearing,  as 

a.  Pulley  (block  and  fall). 

b.  Differential. 

c.  Spur  geared, 
i.  Differential. 
e.  Wonn. 
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in  position  for  hoisting.  T.iLs  attachment  is  closrf  when  the  lever  is  thfowQ  back  on  ths 
brake,  holJiTigthe  load,  anl  his  tijncIenCliDtireRiaincloi'^lwhjnthd  lever  isin  the  neuttal 
position  orluseased  upon  thabnke  far lo/'eriTiE.  Astirtiniforpa^iover  vaWsisu^d  for 
sivingBteam  to  keep  tiiewmch  ratioing  when  the  aovernor  \Avr,  a  dosel.  Bothat  BuHScient 

totakBtareoftheloidtobeliftedarTithssp^eifrequired.    Movin|thelever A, over.thron- 

the  stop  valve  is  alloved  to  enter  the  cylinder  anil  the  load  is  thus  raised  at  tfiai^ed  caire- 
Epgndingniththeopening of thestop valve B.  Wheatheload reaches thsrequiiHl position, 
the  levee  is  throivnback  and  the  Eoveinor  valve,  by  shutting  d9  the  steam,  slows  donn  the 
enEine.    Then,  b)'easinguponthelever.thebrakeBllowsths>sd  to  be  lowered  at  anrepefll 

any  lever  eifcept  A,  far  the  operation  of  hoisting,  stopping  and  lowering.  In /art  holalinf, 
however,  even  though  the  load  and  the  speed  desired  be  unifarm.  It  is  advisable  to  iec<ilaie 
with  the  lever  B ,  in  such  way  as  to  start  slowly  until  the  load  ia  clear,  then  open  up  tor  fast 
speed  and  slow  down  again  before  throwing  on  the  brake.  The  overhauling  attachment  is 
auiiliary  to  the  ordinary  working,  and  is  used  only  to  aid  in  reversing  or  ovorhauliog  the 

tary,  as  the  engineer  can  easily  start  the  drum  back  by  a  pusk  on  the  drum  or  a  pull  oo  the 
rope.  Thedrumsofthslargewinchesare  so  situated  that  theengineerhaanochance  to  pull 
the  rope,  and  tho  heavy  drum  requires  considerable  effort  to  start  it  backward.  For  this 
leason,  this  device  is  fitLed.  With  thelever  A.  in  the  central  position  tor  lowering,  the  over- 
hauling attachment  is  operated  by  a  toot  lever  D.  The  pressure  ot  the  enoineer's  foot  on 
lever  D,  brings  the  overhauling  gear  into  contact  and  reverses  the  drum.  Removal  of  the 
pressure  from  lever  D,  throws  the  overhauling  gear  out  of  contact  aul  leaves  the  machine  in 
:be  same  condition  as  one  not  fitted  with  this  attachment. 
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The  hand  operated  types  in  general  use  are  known  a3  block 
and  fall,  and  chain  hoists.  The  common  types  of  power  operated 
hoists  are  driven  either  by  an  electric  motor  or  a  pneumatic  motor. 

In  the  operation  of  the  so  called  air  hoists,  the  load  is  lifted  by 


1^  iHoken  by  pa^i 


h.  or  hand  windlass.  The  raic\ 
en  near  the  further  {iBine,  hold 
er.  the  toad  is  held  on  the  brake 
ir  and  locked,  tlie  la^l  being  la<«e 

mes  the  diameter  of  the  rope;  this  ia  to'prevent^he  indivjduH'wirej 
ng  through  too  shaTp  aiL  angle^ 


the  direct  application  of  air  pressure  in  a  cylinder  containing  a 
piston  that  is  attached  to  the  lifting  member  of  the  hoist. 

The  worm  hoist  shown  in  fig.  5,848,  although  less  efficient 
than  a  properly  designed  block  of  the  spur  gear  type,  has  th- 
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advantage  of  lower  first  cost,  and  of  very  smooth  action,  both 
in  hoisting  and  in  lowering. 

The  differential  hoist,  whose  principle  is  shown  in  figs.  5,849 
and  5,850,  was  invented  in  1854  by  Thomas  A.  Weston.  It  is 
comparatively  inexpensive  and  very  simple  in  construction. 

ENDLESS  HAND  CHAIN 
wwnRM         BEARING 

e£Ai 


P  DRIVE 

'  PULLEY 


WORM 
WHEEL 


IFTING 
CHAIN 


LOAC 


Pig.  5,848. — ^Elementary  worm  gear  hoist.    The  hand  chain  A,  is  used  for  r-^Mitins  the  drive 

tuUey  B ,  which  is  connected  to  the  worm  by  a  shaft.    The  worm  meshes  with  the  worm  wlwcl 
I,  whose  shaft  is  attached  to  the  pulley  F,  over  which  passes  the  lifting  chain  G.    The  pulley 
F,  has  pockets  for  receiving  the  chain  links  so  that  the  chain  cannot  sup inlifting  thelc^  H. 

There  are  three  kinds  of  air  hoist: 

1.  Single  acting. 

2.  Balanced. 

3.  Double  acting. 

These  consist  essentially  of  a  cylinder,  piston,  piston  rod  through  which 

the  lifting  force  is  transmitted  to  the  load,  and  control  mechanism.     In 

he  single  actinp  type,  as  shown  in  figs.  5,^^'^  and  5,853,  compressed  air 
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thus  ena'-linij  very  heavy  weLghta  to  bs  lifted 
anrbaiancelki/riaimi^llieparU.     Fig.  4,8: 


Ktremvly  lacETa  le/eraca  is  obtain 
ttr  ^'ihi  Iwj  drumi  is  top  small 


driving  pulley  and 


aehine  (capacity  750  Ibi.,  direct  pulll. 

:lutch,  a  band  biake  beins 
.int.  These  machines  an 
tho  floor.  Driving  pulley 
Br  by  16  inches  leng  maido 
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ia  admitted  to  the  sfuffii^ 
box  side  of  the  piston  only, 
and,  when  lowering  the 
hoist  this  air  is  exhausted. 
During  the  exhaust  stroke 
an  opening  to  atmosphere 
prevents  a.  partial  vacuum 
forming  on  the  other  side 
of  the  piston. 

The  balanced  type  of 
air  hoist,  shown  in  figs. 
6,851  and  5^5,  is  so  ar- 
ranged that  there  is  full 
air  pressure  on  the  stuffing 
bos  side  of  the  piston  at 
all  times.  The  load  is 
hoisted  by  exhausting  air 
from  the  ^pace  above  the 
piston,  and  is  loweied  by 
admitting  air  above  the 
piston,  the  unbalanced 
area  due  to  the  space 
occupied  by  the  piston 
rod  aids  in  forcing  the 
piston  downward.  The 
advantage  of  such  ar- 
rangement is  accuracy  of 
control. 

In  the  double  acting  air 
hoist,  as  shown  in  ngs. 
6,856  and  5,&6.7,  air  may 
be  adniitte4|  GJ  or  ex- 
hausted front  'etther  side 
of  the  piston,  admission 
and  exhaust  occurring 
simultaneously  from  oppo- 
site sides  of  the  piston, 
adapting  the  hoist  to 
service  where  both  pushing 
and    pulling    eEEects    are 


ia.  S.S53.  It  escapes  thraugh  the  eitmust  pffit  and  the  load  descoids,  the  vent  ia.ttic  too 
of  the  cylmder  prevenla  eicess  pressure  or  formation  of  &  vacuum  in  the  upper  end  of  the 
cj^linder  due  to  movements  of  the  piston.  The  speed  at  which  the  load  is  nused  or  lowend 
will  evidently  depend  upon  the  degree  of  opening  of  the  cantcol  valve.  These  hoists  ara 
'"equsDtly  attached  to  iLb_cranes  and  overhead  troHeys  ai  well  as  for  nso  in  lifting  cafitmga 


"TSi 
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Pics.  B.S54aod  5.855. — EleniBntars' balanced  air  hoist.    Inoptrallon,  compresseil  aif  fltfidi 


.ustsd  froi 


jwerside  of  the  piston  raises  the  load.    When  the  valve  is  tuned  to  position,  fig.  6,S55,  tha 


pressure  is  equaluid 


than  on  the  lower  side  becau 


that  tending 
Fics.  C,85S  and  6.857. 


force  or  totai  pressure  tending  to  push  the  piston  di 
push  itup  and  the  load  descend!. 


£.  5,350,  compressed  air  enters  the  1 
I;  when  in  the  lowering  position,  Gg 
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Combination  of  Pulleys.— For  lifting  heavy  weights  recourse 
is  had  to  the  mechanical  power  known  as  the  pttlUy,  consisting 
in  its  simplest  form  of  a  grooved  wheel  rotating  on  an  axis.  The 
mere  passing  of  a  rope  over  one  fixed  pulley  for  hoisting  a  weight 
does  not  give  any  increase  of  power,  the  force  necessary  to  sus- 
tain the  weight  beii^  equal  to  the  latter,  plus  friction  of  the 
rope,  etc. 


guide  pulleys,  tota  bloct fall  to  a'winch 

ca^nlwhe^Uri 

!  pull  is 

BJid  in  that  connection  it 

rtSl'j;pa«Tf' 

theahenve.    To  save  tW 

;  cheek  of  the  bin. 

|.W«*^,^threetn« 

a'u'^  andXnf  pinTwh 

led 

"round*"  rella^l 

;  the  la 

snatch  bloct  is  shown  in 

fig.  5*88*'  !he  oh 

Kk 

swinging  clear  to 

by  a  split  pin. 

Th< 

™ting  on  a'hioS^a'^d 

Fr?on:lo^o?cot 

ter  thn 

trading  from  the  fixed  p; 

the  lalched  porti. 

on.    Fii 

known  aa  th*  burr  patu 

■ra.theSngebei 

nal 

locked  by  means  I 

Fig.  fl,Baa  is  locked  by 
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The  gain  consists  olh^ether  in  more 
convenient  application  of  the  power 
exerted,  as  it  is  easier  to  haul  down- 
ward on  a.  pull  of  100  lbs.  than  to  lift 
100  lbs.  directly  from  the  sround. 
This  may  be  termed  meckaniau  advan- 
tage as  apart  from   midtipUcaUon   of 

When,  however,  one  end  of  the  rope 
is  fixed,  passes  wider  the  single  pulley 
to  which  the  weight  is  attached,  and 
the  free  end  is  lifted,  the  travel  of  the 
rojje  or  cord  is  double  that  of  the 
weight,  and  the  power  necessary  to 
sustain  the  latter  is  half  the  weight  plus 
friction.  It  may  be  stated  in.  the  re- 
versed proposition,  that  with  a  movable 
puUey  the  weight  capable  of  being 
lifted  is  tvike  the  force  applied  minus 
liie  friction  of  the  apparatus. 

Combinations  of  pullers  are  arranged 
with  several  sheaves  ui  one  case,  to 
form  a  block  to  secure  this  tnuitipli- 
catioa  of  power.  The  upper  or  fixed 
blodt  gives  the  mechanical  advantage 
of  application,  and  the  lower  or 
movable  block,  by  multiplying  the 
travel  of  the  rope  as  comp^fed  with 

FiG.fi.SST. — DifEereotial  hoist.     It  depends  lor 

haul.    This  is  secured  by  making  the  ti«o 

endless  chain  being  paid  out  by  one  while  it  is 
*o»<  in  by  the  otbei.  In  other  morda,  the 
smallar  sheave  tends  to  lower  the  weight  while 
the  larger  one  raises  it.  the  total  lift  equaling 
the  diflercnce  of  cireumterenee  of  the  two 
BhfovpR.  Assuming  in  this  case  that  thae 
ket  teeui  in  the  larger  sheave  and 


33  in  the 

sinaUer,  the  velo 

dtyofhatilascou- 

pared  w 

th  that  of  the 

liftwiUl»J^ 

or  25  to 
fitted  w" 

t  moved  is  to  be  very  large. 

6.86fl.— Block  and  tackle.    Tbeai 
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that  of  the  weight,  increases  the  power  in  proportionate  ratio.  Each  niov- 
able  pulley  halving  the  power  necessary,  with  two  sheaves  the  force  neces- 
sary IS  one-half  of  one-half,  or  one-quaxter.  Briefly,  the  weight  capable 
of  being  lifted  is  equal  to  the  forte  multiplied  by  the  nuMber  of  ropes  supporting 
the  lower  or  mowuiU  Mock. 


Fig.  6,88S.— Planetary  8puig™™d*'TriplBi"blockorh™t.   The  power  is  traiiBmitted  from 
the  hand  chain  to  the  foac!  chain.    In  optratlon.  when  tha  hanil  wheGl  carrying  the_hanil 


filed  to  geara  B  and  C.'cnpige  sn  internal  gear  D,  which  acta  as  nlulcrurn  ai 


TDedia.ta  geaTS  B  and  C,  at  two  points 
K,^  ,„  ™,„  n  ,_j  ,-    enaagf  —  -— 

. :t.\-hh. 

Cham  of  the  hoist.    The  Imd  ii  held  at  any  giiren  point  and  the  hoist  prevented  li 

ism.  Motion  from  the  hand  wheel  ia  transmitted  through  friction  discs  to  a  hub  which 
drives  the  pinion  A.  The  hand  wheel  ii  sciewed  onto  a  threaded  eitenaion  of  the  hub,  and 
interposed  between  these  two  parts  is  a  ratchet  disc.  These  discs  one  of  leather  and  the 
otherof  gaJvaniied  iron,  ate  placed  in  contact  with  the  sides  of  the  ratchet  disc,  and  the  dif- 
ferent ^jinions  referred  to  are  so  arranged  that ,  when,  the  hand  wheel  is  rotated  in  the  directioo 
for  hoisting,  it  is  screwe  I  onto  the  hub,  hence  the  ratchet  disc  is  gripped  between  the  hand 
wheelandhubaothatall  the  parts  rotate  together  and  motion  is  transmitted  to  the  drivina 

Tented  towsring  by  a  pawl  which  engages  the  ratchet  dbc.  When  it  is  desired  to  lower  the 
load,  the  hand  wheel  is  pulled  aroundm  the  opposiM  direction,  which  unscrews  it  somewhat. 

tinaed .  There  is  a  continuous  sliMBgeleiween  the'ftKtion  surfaces  aa  long  as  theTiand  wheel 
is  rotated  in  the  reverse  direction.  A3  Boon  aa  this  rotation  is  slopped ,  the  downward  move- 
ment of  the  load  is  stopped. 
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as  it  is  t«nned.  The  thin  cord  shown  manipu- 
lates a  patent  brake,  seen  in  the  upper  block, 
which  locks  the  rope  should  it  be  desired,  to  sus- 


lik 


pend  the  object  lilted. 

It  will  be  evident,  upon  consideration,  that  no 
two  sheaves  travel  at  the  same  velocity,  on  ac- 
count of  the  van'ing  speed  of  the  different  parts 
of  the  rope.  It  is  therefore  requisite  that  the 
sheaves  be  independent  oj  each  other,  revolving 
loosely  upon  a  spindle  fixed  ia  the  shell  or  frame 
of  the  block. 


A  basal  factor  of  all  mechanical  powers  is, 
that  vihalever  is  lost  in  lime  is  gained  in  power,  or 
the  reverse.  It  has  been  seen  that  with  the 
weight  traveling  half  as  fast  as  the  rope,  double 
the  weight  could,  be  lifted  with  the  same  force, 
or  a  force  of  only  half  the  weight  was  necessary. 


Northern  Standard  Hoists 

(Sizes,  speed  and  lifta,  type  D) 


'sr 

s-Ka 

HOISTING  SPEEDS        1 
F«t  per  mii«l*              1 

Dir«t 

£1'^ 

!:| 

siooo 

4.000 
10.000 
20;000 
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11 

is! 

IIP 

9  to  1 

Pig.  £3fl9.— Worm  gw  hoist, 
worm  .Bnd.bymultiplyii 


in  opfraliortt  aa  mdle 
:t  or  gipsy  itj/url,  rotates 

^'to  be  double,  for  gi^ng 

- lowered  by  the  email  gipi 

the  right.     Not  only  ja  the  gain  of  power,  i 
»j —   ..u,_: — ]  jjy  ^^  multiple  ^-^ '  '^ 


HE? 

-- ...Jtairedby ,._  „ „ 

■,  but  the  worm  praienU  jiif^mg,  and  as  ther*  is  ni 
t  on  the  hand  chain  a  jam  is  not  danserota. 
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Chains. — ^These  are  made  of  rotmd  bar  iron  or  steel  forged 
into  links,  by  bending  to  shape  and  welding. 

The  stud  is  a  distance  piece,  usually  of  cast  steel,  which  serves 

to  strengthen  the  link;   it  is  used  on  the  larger  sizes  alone  and 

permits  a  longer  link.    Most  chains  for  heavy  stresses  are  made 

this  way. 

Fig.  5,880  shows  a  dose  link  chain  sling,  having  a  large  open  circular 
link  in  which  the  hook  engages.    A  length  of  stud  chain  is  illustrated  in 


«^" 


23 


r 


J 


Pigs.  6,882  to  5,888. — Various  slings  and  tongs  or  grapples,  showing  types  most  frequently 
used.  The  number  of  chains,  number  and  shape  ofhooks,  etc.,  may  be  varied  to  meet  con- 
ditions. 

fig.  6,881,  and  is  noteworthy  on  account  of  the  swivel  in  the  middle  of  its 
length,  permitting  rotary  motion  without  fouling  the  chain. 

Tumbuckles  are  generally  used  to  strain  both  chains  and  ropes 
taut,  fig.  6,879  being  what  is  termed  a  hook  and  eye  tumbudde 
adapted  for  tightening  the  shrouds  or  guys  of  a  flagstaff  post  or 
derrick.  Fig.  5,878  is  an  ordinary  type  of  ttirnbuckle,  sometimes 
known  as  a  stretching  screw,  provided  with  right  and  left  hand 
threads  to  tauten  stays,  etc. 

A  chain  or  cable  shackle  as  seen  in  fig.  6,886,  is  used  for  con- 
necting lengths,  usually  15  fathoms,  of  a  cable;   the  bolt  has  a 
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countersunk  bead  and  is  locked  by  a  wooden  or  brass  taper  pin, 
as  iron  would  rust  in.  Fig.  5,877  (8)  represents  the  common 
anchor  shackle,  in  which  the  pin  is  attached  by  a  cotter  or  fore 
lock;  this  type  is  occasionally  termed  clevis. 

Chains,  both  stud  and  close  link,  should  be  obtained  from  reliable 
sources.  In  view  of  possible  deterioration  and  the  severe  strains  to  ^i^iich 
they  are  subjected,  crane  chain  slings,  etc.,  should  not  be  worked  above  a 


a.  G  .S80.~-Mortbem  tlaor  cod- 
troUed  eleotric  two  mntw 
trolley  hoist.  It  is  ndtkytad 
*"  ***"  —'—  "--ivy  aod  cofl- 
of  found 


nlieavy  aod  ct 


plants   rWL .    

ipeeds,  contralandlifu.  This 
«  B   vtry  hiBvjr  hoiat  for 


LI  and  have  bronze  bearings, 
ioth  automatic  mechoAic&l 


Crane  chains  require  to  be  taken  oS  twice  a  year  and  annealed;  that  is, 
plaoed  in  a  muffle  or  reverberatory  furnace,  brought  slowly  to  a  red  heat, 
and  cooled  off  gradually,  covered  the  while  with  ashes  or  sand  to  exdud»ri= 
the  air.  This  process  is  rendered  necessary  on  account  of  the  crystalhsation 
or  alteration  of  fibre  set  up  in  the  metal  by  the  constant  jar  and  reversal 
of  strain.    Broken  crane  chains  often  exhibit  a  granular  fracture  hke  cast 
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Running  chains  should  be  lubricated  with  blacklead  (graphite)  mixed 
with  tallow,  and  care  should  be  taken  to  arrange  all  leads  so  that  no  "nips" 
should  occur,  as  these  are  very  destructive  and  shorten  the  life  of  the  chain 
considerably. 

A  supply  of  split  or  patent  links  for  each  size  of  chain  in  use  should  be 
kept  by  the  storekeeper  of  the  erecting  gang,  as  much  time  is  lost  in  binding 
the  two  ends  of  a  broken  chain  together  with  wire.  Shackles  of  course  can 
be  used  for  the  larger  sizes  in  cases  of  need. 


Figs.  6,890  to  5,892. — ^Delta  continuous  trolley  sj^tem. 


lelpherage. — ^This  word  is  defined  as:  Automatic  aerial 
transportation  as  by  the  aid  of  electricity,  especially  that  system  in 
which  carriages  having  independent  motors  are  run  on  a  stout 
wire  conducting  an  electric  current. 

Telpherage  is  a  name  introduced  by  the  late  Professor  Fleeming  Jenkin  to 
designate  a  system  devised  by  him,  by  which  the  transmission  of  a  vehicle 
by  electricity  to  a  distance  is  effected  independently  of  any  control  exercised 
from  the  vehicle;  it  is  an  aerial  electrical  railway. 

Telpherage  properly  includes  those  systems  emplo)dng  a  wire  or  cable 
for  a  track,  but  the  term  is  erroneously  applied  to  systems  using  a  rail. 
There  are  two  divisions  of  telphers. 

1.  Automatic. 

2.  Non-automatic. 
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Ques.    What  are  automatic  telphers? 

Ans.  Those  which  are  driven  by  electric  motors,  the  control 
being  a  part,  or  remote  from  the  telpher.  The  original  telphers 
were  automatic,  the  telpher  being  placed  in  the  middle  of  the 
train. 

Ques.    What  is  the  chief  use  of  automatic  telphers? 

Ans.  They  are  employed  for  handling  coal,  ore,  and  bulk 
material. 


c 

p 


OA 
ITS 


^ 


"N 


c 


J. 


MOVABLE 
TELPHER 
TRACK 


D' 


Fig.  5,893. — ^Tyincal  anansement  of  mono-Tail  tracks.  The  track  is  supported  on  brackets 
attached  to  buildings,  or  is  supported  on  A  bents.  Supports  under  straight  track  are 
spaced  20  feet  apart ,  and  on  curves ,  the  spacing  is  8  feet.  For  long  spans ,  cables  or  trusses 
are  used.  The  tracks  may  be  either  fixed  or  movable.  In  the  figure,  the  side  tracks  BB'. 
are  fixed,  but  C,  is  movable,  being  attached  to  a  traveling  bridge.  The  speed  of  this 
bridge  is  from  300  ft.  to  900  ft.  per  min.  The  motor  driving  this  bridge  woulahave  a  load 
factor  of  .16.  The  telpher  txtUn  is  imssed  from  these  side  tracks  B',  by  means  of  a^gliding 
switch  upon  the  movable  trade  C.  This  track  therefore  may  be  placed  anywhere  over 
the  area  between  the  fixed  side  tracks.  The  telpher  returns  by  means  of  the  track  B', 
to  its  starting  point  A.  By  the  operation  of  this  movable  track  all  the  space  can  be  served; 
this  operation  is  called  transferage.    The  minimum  allowable  radius  of  curves  is  8  ft. 


Ques.    Define  non^automatic  telphers. 

Ans.  Non-automatic  telphers  are  those  which  are  controlled 
by  an  operator  who  travels  with  the  load  and  who  operates 
both  the  telpher  and  hoists  from  a  cab  or  case  which  is  attached 
to  the  telpher  or  carriage. 

Non-automatic  telphers  are  employed  for  bulk  material,  like  the  auto- 
matic telpher,  and  are  also  used  for  the  hoisting  and  conveying  of  miscel- 
laneous material,  boxes,  cases  and  barrels,  the  package  freight  of  railways 
and  the  mixed  cargoes  of  steamships. 
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Ques.    How  Is  a  telpher  suspended,  and  driven? 

Ans.    'Prom  one  or  more  wheels  in  tandem,  of  which  one  or 
all  are  driven  by  the  electric  motor  or  motors. 


prders  to  the  bottom  of  the  hoist  hook  is  4  ft.  9  in.  (144.8  on.).  The 
widthof  thehoist  isSft.  Sin.,  and  4  ft.  Sin.  to  ttie  limit  line  for  10  degrees 
swing.  From  the  center  of  lie  rail  to  the  inner  limit  of  the  telpher  and 
hoist  is  16  inches. 

Ques.    Describe  the  power  features. 


«■ 
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Ans.  Energy  in  the- 
form  of  either  direct  of 
alternating  current  is  com- 
municated to  the  motors 
by  conductors  which  lie 
parallel  to  the  track,  the 
contact  being  made  by 
shoes  or  wheels.  Some- 
times storage  batteries  sus-: 
pended  from  the  telpher 
or  the  carriage  are  em- 
ployed. On  steep  grades 
the  telpherage  traction,  in 
some  installations,  has  been 
assisted  by  supplementary 
cables,  either  fixed  or 
movable. 


?IG.  6,805. — Section  of  shop  showing  information  miuired  in  selecting  a  crane.  Ixmd,  maxi- 
mum  in  net  tons;  tpeed,  if  special  for  any  function  be  preferred;  style,  outside  or  inside- 
service;  current  data,  whether  d.  c,  or  a.  <;.,  giving  voltage  cycle  and  phase;  clearance- 
dimmnaione.  A,  span;  B,  end  clearance;  C,  distance  from  top  of  runway  rail  to  floor;  P,  over- 
head clearance;  a  and  P,  roof  braces  if  any  that  would  interfere  with  end  travel  of  trolley. 


Telpher  Motors. — The  sizes  of  motor  for  telphers  and 
hoists  will  depend  upon  the  class  of  work  to  be  done;  the  motors 
for  telpher  tractors  vary  from  b  to  lb  h.p.  and  for  the  hoists, 
from  3  to  75  h.f,,  the  loads  being  from  600  lb,  to  30,000  lb. 
The  load  factor  for  the  tractor  motor  is  .25  and  for  the  hoisting 
motor  .16.  The  driving  wheels  and  the  motors  may  be  con- 
nected by  gears  or  by  chain  drive.  The  maximum  service 
efficiency  of  the  motors  is  that  corresponding  to  the  efficient 
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ohtained  between  oae  half  and  three-quarters  full  load.     The 
motors  are  of  slow  or  medium  speed. 

Direct  current  250  volt  or,  600  volt  series  wound  motors  are  preferable 
for  tractors  and  hoists  though  alternating  current  motors  afford  satisfactory 
results.  The  motors  should  be  dust  and  weather  proof,  and  should  have  a 
50  per  cent,  reserve  in  their  rating.  The  average  combined  efficiency  of 
the  motors  and  gearing,  for  the  tractor  and  hoist,  is  from  05  per  cent,  to 
75  per  cent. 

Brakes. — ^The  mechanical  type  of  telpher  brake  is  used  and 
the  hoist  brake  is  of  either  the  electro-mechanical  or  electro- 
dynamic  types.    Spur  gears  and  chain  drive  on  the  tractor 


w/y///////////^/^^^^^^ 


Fig.  6,896. — Cableway.  The  essential  elements  of  construction  are  BB',  towers:  C,  cable; 
D,  hauling  ro^;  £,  hauling  rope  drum;  P,  hoisting  rc^)e;  G,  hoisting  drum;  H,  hc^sting 
rope  slack  carriers. 


transmit  the  power  from  motor  to  track  wheels,  and  either  spur 
or  worm  gear  is  used  to  transmit  power  to  the  hoisting  drum. 

Trackage. — Telphers  either  run  in  one  direction  on  a  closed 
track  circuit,  or  to  and  fro  over  a  single  line.  On  the  single 
line  the  automatic  telphers  reverse  themselves  on  completing 
*^heir  trips. 
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.SUPPLY  CIRCUIT 
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CONTROLLER' 

Pig.  5,897. — Direct  current  hoist  motor  with  fly  wheel  equalizing  motor  generator  set.  ^  When 
dkect  current  motors  are  employed,  a  shunt  wound  direct  current  motor  is  used  to  drive  the 
hoist  the  motor  being  supplied  with  power  from  a  direct  current  generator,  usually  driven  by  a 
three  phase  induction  motor  suppli^  from  the  available  power  circuit.  The  essential  feature 
of  this  system  is  that  the  voltage  supplied  to  the  hoist  motor,  and  consequently  the  speed 
of  the  motor,  is  contrplled  by  controlling  the  field  ciirrent  of  the  generator,  instead  of  by 
varying  the  resistances  in  the  armature  circuit  of  the  motor;  thus,  as  the  field  curretit  of  the 
generator  is  increased  from  nothing  to  a  maximum,  the  motor  speeds  up  from  standstill  to 
full  speed  and  if  the  field  current  of  the  generator  be  reversed,  the  motor  reverses  its  direction 
of  rotation.  This  system  enables  a  very  exact  control  of  the  speed  to  be  obtained,  because 
the  speed  of  the  motor  is  practically  proportional  to  the  strength  of  the  generator  field, 
whatever  the  load  on  the  motor  may  be,  while  with  any  control  system,  where  resistances 
are^inserted  in  the  armature  circuit,  of  the  motor,  the  speed  W9uld  vary  within  very  wide 
limits  with  a  change  of  load,  rendering  the  exact  speed  control  impossible.  The  control  of 
the  generator  field  involves  scarcely  any  waste  of  electric  power,  but  where  resistances  are 
'  ixiserted  in  the  armature  circuit,  the  loss  of  power  becomes  usually  very  great.  The  field 
currents  of  the  generator  are  sxxiall,  so  that  the  control  mechanism  is  small,  compact,  and 
very  easy  to  handle. 

Drums  for  mine  hohts. — The  most  generally  vaed  type  of  hoist  for  service  in  mines  is 
the  drum  type,  the  drum  being  either  cylmdrical  or  conical  or  a  combination  cylindrical- 
conical.  To  permit  the  adjustment  of  the  length  of  the  ropes  for  hoisting  from  different  levels. 
it  is  customary  to  use  two  drums  mounted  on  the  same  shaft,  one  being  keyed  to  the  shaft  and 
the  other  being  driven  by  it  through  some  form  of  clutch.  The  cylindrical  drum  hoist  is  the 
type  almost  universally  used  for  comparatively  shallow  shafts,  and  very  frequently  for  the 
deeper  ones.  ,  It  coruista  of  two  cylindrical  drums  upon  which  the  rope  is  wound  in  one  or  more 
layers,  the  diameter  of  the  drtuns  varying  from  6  to  25  feet.  In  the  conical  drum  hoist,  the 
ropes  are  wotmd  in  single  layers  on  two  large  cones,  the  rope  being  wound  from  the  small  to 
the  large  end  of  the  cone.  ^The  use  of  this  type  of  hoist  is  limited  to  comparatively  shallow 
shafts,  for  depths  below  which  the  use  of  the  conical  drum  is  impracticable,  it  is  nece&sary  to 
compromise,  using  a  dntm  combining  the  features  of  the  cone  and  cylinder.  The  rope  is 
wound  from  the  small  end  of  the  cone  over  the  conical  part  of  the  drum  in  a  single  layer,  and 
then  onto  the  cyUndrical  portion  in  one  or  more  layers,  depending  upon  the  length  of  the  rope. 

TffpeM  of  drive  for  mine  hoiatn. — According  to  the  method  of  drive,  electric  hoists  may 
be  divided  in  two  classes:  1,  those  driven  by  induction  motors,  and  2,  those  driven  by  direct 
current  motors.  As  the  power  supply  in  almost  all  cases  is  alternating  current,  the  latter 
system  requires  provision  for  converting  the  current,  this  being  always  done  by  motor  genera- 
tors. The  induction  motor  driven  hoist  is  very  simple,  the  motor  being  of  the  wound  rotor 
type,  and  the  speed  controlled  by  insertinfi[  resistance  in  the  rotor  circuit.  Drum  and  magnetic 
contactor  control  is  used  for  the  smaller  sizes,  while  for  the  larger  it  is  customary  to  employ  a 
liquid  rheostat.  ^The  contacts  of  this  rheostat  are  usually  stationary  and  the  resistance  is 
varied  by  changing  the  level  of  the  liquid.  High  speed  induction  motors  have  very  good 
electrical  characteristics,  and  this  method  of  drive  is  very  suitable  for  large  hoists  operating 
with  high  rope  speeds.  The  motor  may  be  either  direct  connected  or  geared  to  the  drum  shaft 
dependmg  upon  which  method  works  out  most  economically. 


3^00  CRANES  AND  HOISTS 


Ques.    How  is  the  spacing  between  the  cars  r^ulated  ? 

Ans.     Automatically  by  a  block  system. 

Essentials  of  Gableways. — The  term  cableway  may  be 
defined  as  a  rectilinear  hoisting  and  conveying  apparatus  supported 
by  a  cable. 

The  elements  of  construction  are  shown  in  fig.  4t,2^.  A  strong  steel 
wire  rope  or  cable  is  stretched  between  the  towers  BB'.  On  this  rope 
nms  the  carriage  C,  pulled  backwards  and  forwards  by  the  hauling  rope 
D,  which  is  operated  by  the  capstan  drum  E.  One  end  of  the  hoisting 
rope  F,  is  secured  to  the  carriage,  and  is  led  round  the  various  pulleyi 
shown  and  to  the  hoisting  drum  G. 

The  slack  of  the  hoisting  rope,  when  paying  out,  is  supported  by  the 
carriers  H.  These  carriers  are  dropi)ed  by  the  carriage  when  ninning 
from  B  to  B',  and  are  picked  up  again  when  returning  from  their  posi- 
tion, being  determined  by  buttons  of  different  size  arranged  on  the  rope. 
Loads  are  hoisted  and  lowered  by  drum  G,  driver  E,  being  held  by  its 
brakes. 

To  travel  the  load,  the  two  drums  are  clutched  together.  Driver  E, 
then  hauls  the  carriage  along,  while  drum  G,  takes  in  or  pays  out  the 
hoisting  rope,  so  that  the  vertical  position  of  the  load  is  unaltered. 

Ques.    What  is  tlie  rai^e  of  tlie  apparatus  ? 

Ans.  It  will  take  up  and  deposit  loads  anywhere  along  a 
line  directly  imdemeath  the  main  cable,  and  by  means  of  switch 
blocks  it  may  be  made  to  serve  an  area  having  a  width  of  about 
15  feet  or  so  each  side  of  the  cable. 


NOTE. — Telpher  performaw*ce.  The  loads  hoisted  and  conveyed  on^  telpher  hoists 
have  been  as  high  as  fifteen  tons.  The  maximum  speed  of  conveying  on  a  straight  level  track 
is  about  1.000  feet  per  min.  The  running  speed  is  reduced  at  curves,  accordinij  tj  t»ieir  radii. 
For  terminal  work,  the  capacity  of  each  hoist  is  two  tons  at  60  feet  per  min.  (18 .288  m .  per  min . ) 
Two  hoists  can  be  combmed  so  as  to  raise  four  tons.  The  motors  being  series  wound,  the 
speed  of  hoisting  will  increase  as  the  load  is  diminished.  For  freight,  handhng  from  two  to  f  ou  r 
carriage  hoists  constitute  a  train  which  has  a  tota>  maximum  carrying  capacity  of  eisht  tons . 
SM^  trains  are  used  for  assarting  as  well  as  for  distributing,  aocoroing  to  cytnagnmenta. 
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Ropes. — Hemp,  cotton,  or  wire  is  used  in  the  manufacture 
of  ropes.  Hemp  rope  is  very  largely  used  because  of  its  strength 
and  durability. 


Fig.  6,898. — Method  of  coiling  and  uncoiling  a  roi)e.  Because  of  the  way  in  which  rope  is 
twisted  in  manufacture,  it  should  always  be  coiled  around  "with  the  svm,"  or  clockwise,  as 
shown.  In  uncoiling,  the  end  last  laid  down  should  never  be  pulled  up  from  the  top  of 
the  coil,  because  if  this  be  done,  the  rope  will  twist  and  kink.  These  kinks  will  jam  in  the 
pulley  blocks,  and  if  pulled  through  they  will  seriously  injure  and  weaken  the  rope.  In 
uncoiling,  therefore,  the  end  first  laid  down  should  be  pulled  up  through  the  center  of  the 
coil,  as  at  A,  or  if  for  some  special  reason  the  end  last  laid  down  must  be  drawn  out  first, 
the  whole  coil  should  be  turned  oyer  and  this  end  drawn  up  through  the  center.  In  general, 
if  a  rope  twist  and  kink  in  uncoiling,  the  coil  should  be  turned  over  and  the  end  being  drawn 
passed  up  through  the  center  of  the  coil.  The  same  remarks  apply  to  binder  twine;  if  the 
wrong  end  be  drawn  out,  the  twine  soon  kinks,  catches  and  breaks. 


Of  late  years  the  supply  of  true  hemp  has  been  insufficient  to 
fin  the  demand,  and  a  substitute  has  been  found  in  the  outer 
fibers  of  the  leaves  of  a  species  of  the  banana  plant  grown  in  the 
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Philippine  Islands.  The  prepared  fiber  is  exported  from  the 
city  of  Manila  under  the  name  of  "Manila  hemp,"  the  rope  made 
from  it  being  called  manila  rope. 

Cotton  rope  is  used  where  its  softness  is  desirable,  as  for  in- 
stance in  TTigVing  halters  for  young  animals  having  tender  skins. 

In  manufacturiiig  rope  the  fibers  are  first  spun  into  a.  "yam,"  this  yam 
beine  twisted  in  a  direction  called  "right  hand."  A  number  of  yam£ 
are  then  put  together  and  twisted  in  the  opposite  direction,  or  "left  hand," 
into  a  "strand.  Three  of  these  strands  for  a  three  strand  or  four  for  a 
four  strand  rope  are  then  twisted  together,  the  twist  being  again  in  the 
"right  hand"  direction. 
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Pm.  3.B01. — HoiT  to  undo  a  snarl:  Begin  by  loosening  it,  drawing  out  one  end  aa  taras  pco- 

size  around  tbe  rope  A.  T^ whole  bundle  of  tangled  rope  is  then  seiied  andfoiccd  througli 
the  hole  thu«  made,  putting  the  outside  part  of  the  bundle  through  £rst  as  shopm  by  the 
arrows,  a  process  much  like  Icneading  bread.  Thb  will  add  a  little  straight  mpe  to  the 
end  A,  and  if  patiently  continued,  the  process  will  surely  unravel  the  worst  posaibU  tangle. 

When  the  strand  is  twisted  it  untwists  each  of  the  yams,  and  when  the 
three  or  four  strands  are  twisted  together  into  rope  it  untwists  the  strands 
but  again  twists  up  the  yams.  It  is  this  opposite  twist  that  keejis  the 
rope  in  its  proper  form.  When  a  weight  is  hung  on  the  end  of  a  rope  the 
tendency  is  for  the  rope  to  untwist  and  become  longer. 
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In  untwisfcmg  the  rope  it  will  twist  the  threads  up  and  the  weight  will 
revolve  until  the  strain  of  the  untwisting  strands  ;|ust  equals  the  strain 
of  the  yams  being  twisted  tighter. 

In  making  a  rope  it  is  impossible  to  make  these  strains  exactly  balance 
each  other.  It  is  this  fact  that  makes  it  necessary  to  take  out  the  "turns" 
in  a  new  rope,  that  is,  untwist  it  when  it  is  at  work.  The  amount  of  twist 
that  should  be  put  in  the  yams  has  been  ascertained  approximately  by 
experience. 

Pigs.  5,899  and  5,900  show  appearance  of  three  and  four  strand  rope. 

In  the  following  table  the  figtires  refer  to  average  grade  Manila 
rope,  new  and  without  knots. 


Properties  of  Three  Strand  Manila  Rope 


I 

II 
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VI 
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Circum- 

of lOO 

each 

Safe 

Breaking 

Diameter 

ference 

feet  of 

pound  of 

load 

load 

of  pulley 
(Inches) 

(Inches) 

rope 

rope 

(Pounds) 

(Pounds)* 

(Poimds) 

Ft.    Ins. 

3/16 
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9 
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24 

*  From  the  rules  by  C.  W,  Hunt  and  Spencer  MlUer. 


*NOTE. — It  should  be  noted  that  knots  weaken  a  rope.  The  safe  load  given  in  tilO 
table  IS  the  greatest  load  that  a  single  rope  should  carry,  being  about  »/7of  the  breaking  load. 
The  data  is  from  C.  W.  Hunt  &  Co. 
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Ropes  and  cordage  are  so  peculiarly  a  sailor's  province  that 
nautical  expressions  must  necessarily  be  used.  Accordingly  a 
iew  explanations  will  first  be  given  of  terms  used  in  this  con- 
Election: 

Belay. — ^To  make  fast  the  end  of  a  tackle  fall,  etc.,  at  the  conclusion  of 
a  hoisting  operation  or  the  like. 

Bend, — A  fastening  of  one  rope  to  another  or  to  a  ring,  thimble,  etc. 

Bight, — ^The  loose  part  of  a  rope  between  two  fixed  ends. 

Haul, — ^To  heave  or  pull  on  a  rope. 

Hitch. — ^A  fastening  of  a  rope  simply  by  winding  it,  without  knotting, 
around  some  object. 

Knot. — ^A  fastening  of  one  part  of  a  rope  to  another  part  of  the  same, 
by  interlacing  them  and  drawing  the  loops  tight. 

Lay, — ^To  twist  strands  up  together  as  in  rope  making,  the  fibre  or  tow 
receiving  a  right  handed  twist  to  make  yams,  yams  being  laid  1^  handed 
into  strands,  and  strands  right  handed  into  ropes.  Three  strands  make  a 
hawser,  and  three  hawsers  are  laid  up  into  a  cable. 

Make  fast. — ^To  secure  the  loose  end  of  a  rope  to  some  fixed  object. 

Marline  spike. — ^A  long  tapered  steel  instrument  used  to  unlay  or  sepa- 
*  rate  the  strands  of  rope  for  splicing,  etc.,  or  for  working  marline  around  a 
seizing. 

Parcelled. — Wrapped  with  canvas,  rags,  leather,  etc.,  to  resist  chafing. 

Seize. — ^To  lash  a  rope  permanently  with  a  smaller  cord. 

Serve. — ^To  lash  with  cord,  etc.,  wotmd  tightly  and  continuously  around 
the  object. 

Splice, — ^To  connect  ropes'  ends  together  by  unlaying  the  strands  of  each 
and  then  plaiting  both  up  together  so  as  to  make  one  continuovis  whole. 

Strand. — ^Two  or  more  larger  yams  twisted  together. 

Taut, — Stretched  or  drawn  tight,  strained. 

Yam. — ^Fibres  twisted  together. 

The  rope  fastenings  most  necessary  for  the  purpose  of  the 
outside  engineer  or  millwright  here  described,  have  an  illustra- 
tion of  each  one  which  has  been  tested  by  an  expert  and  found 
abundantly  clear  to  show  the  mode  of  procedure. 
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Knots  tised  for  making  loops  on  the  ends  of  ropes  came  first 
in  order,  and  these  comprise: 

BowUne.'^A  most  useful  knot,  making  a  loop  that  will  not  slip  or 
tighten;  to  be  recommended  for  all  purposes  that  it  will  fulfil;  fig.  5,902. 

Bowling  on  a  bight. — ^Used  to  make  a  loop  in  the  bight  of  a  rope,  or 
with  a  doubled  rope;  fig.  5,903. 

Slip  Knot, — Ordinary  running  noose,  tightening  as  strain  is  applied; 
fig.  5,904. 


Fio.  5,902.— Bowline. 


Fro,  5,903, — ^Bowline  on  a  bight. 


Fig.  5,904.— Slip  knot. 


Next  in  order  come  the  knots  and  bends  used  for  tying  two  ropes 
together.    These  are: 

Carrick  Bend. — ^For  connecting  the  ends  of  two  equal  ropes;  fig.  5,905. 

Reef  or  Square  Knot, — Used  to  fasten  the  reef  points  of  a  sail;  a  neat, 
non-slipping  laiot  that  lies  quite  flat,  and  is  easily  untied;  fig.  5,906. 


3,306 


ROPES,  KNOTS  AND  SPLICES 


Sheet  Bend  or  Weaver's  Knot. — ^For  tying  together  two  ibpes  of 
different  sizes;    fig.  5,907. 

Various  methods  of  securing  ike  ends  of  ropes  next  demand  con- 
sideration, and  these  vary  greatly  with  the  diversity  of  the  object 
sought  to  be  attained. 


Pig.  6,905 — Carrick  bend. 


Pig.  5,906. — Heef  or  square  knot. 


Pig.  5,907. — Sheet  bend  or  weaver's  knot. 


Blackwall  Hitch, — ^For  making  fast  a  rope  over  a  belaying  pin  or  crane 
hook,  not  very  trustworthy;  fig.  5,908. 

Clove  Hitch, — ^To  make  fast  a  line  to  a  spar;  will  stand  a  vertical  pull 
without  sHpping;   fig.  5,909. 

Double  Hitch, — ^For  similar  purposes,  but  safer  than  the  Blackwall 
hitch.  Care  must  be  exercised,  with  this  hitch  and  the  preceding  one,  that 
the  strain  comes  upon  the  part  of  the  rope  marked  S  for  strain;  fig.  5,910. 
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FUherjtum't  Bend. — A  convenient  and  neat  manner  of  mafcrng  fast 
a  rope's  end,  eapedally  to  a  ring  bolt  or  cleat;  fig.  5,911. 


Pie.  G.90S.— BUckwall  hitch. 


Round  turn  and  Half  Hitch. — For  seizing  a  rope  to  sn  eyebolt  or 
ring;  fig.  5.913. 

Round  turn  and  two  Half  Hitches.-  A  siratile  means  of  making  fast 
the  end  of  a  rope  or  blockfall.  Supposed  by  sailors  to  be  characteristic 
of  an  engineer;  fig.  5,912. 

The  methods  of  splicing  two  ropes  together,  by  incorporatiii'^ 
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their  strands  together,  difEer  according  to  the  services  required. 

Chief  among  them  are: 

, ,       Short  Splice. — Quickly  made;    useful  for  strops  or  slings;    makes  a 
;.  '  lump  on  the  rope,  and  therefore  is  not  recommended  for  driving  or  hoisting 
ropes;  Ak-  S,914. 

Long  Splice. — Necessary  for  main  driving  ropes  or  tor  block  falls  which 
have  to  be  rove  through  a  pulley,  and  in  wfich  no  increase  of  thickness  is 
desirable. 

After  splices,  consideration  must  be  given  to  methods  oi  fixing 
ropes  around  thimbles  or  bars.    Three  good  styles  are: 
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Eye  Splice. — ^The  permanent  method  of  bending  a  rope  around  a  thimble 
or  grummet:  the  loose  end  is  spliced  into  the  centre  of  the  rope;  fig.  5,915. 

Flemish  Loop, — ^A  neat  and  safe  method  of  temporarily  fixing  a  thimble 
in  a  rope,  with  a  slip-noose  and  round  turn;  fig.  5,917. 

Round  Seizing. — ^An  attractive  style  for  making  a  permanent  loop  in  a 
rope;  fig.  5,916. 

Occasionally  it  is  desirable  to  shorten  a  rope  considerably  with- 
out having  recourse  to  cutting  it;  for  such  purpose  the  sheep* 
shanks,  shown  in  fig.  5,918,  is  invaluable. 


Fig.  5,918. — Sheep  shanks. 

The  last  series  of  fastenings  are  those  used  for  connecting  block'- 
ropes  J  etc.,  to  the  objects  which  have  to  be  lifted.    Among  these  are: 

Lashing  with  Knot, — ^A  convenient  method  of  improvising  a  sling;  fig. 
5,919. 

Stevedore's  Knot, — ^For  making  fast  a  block  rope  to  the  handles  or 
cord  of  a  padkage;   fig.  5,920. 


Pig.  5,919. — Lashing. 


Pig.  6,920. — Stevedore's  knot. 
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o  hook  into;  fig.  5,821. 

Timber  Hitch. — For  hoisting,  etc.,  cannot  slip;  the  harder  the  pull, 
the  tighter  it  grips;  fig.  5,922. 

Timber  Hitch  and  Bound  Turn. — Useful  for  towing  a  spiar,  or  for 
lifting  one  endways;  spedally  adapted  for  standing  a  lengthwise  strain; 
.■..!_- .! termeathefioaling  spar  hitch;  fig.  5,923. 


Pig. G.931.— Strop  ot  sling.  Pig.  G,S22.— Timber  1 


Theory  of  Knots. — According  to  Kent,  the  principle  of  a 
knot  is  that  "no  two  parts  which  would  move  in  the  same  direc- 
tion if  the  rope  were  to  slip,  should  lay  along  side  of  and  touch- 
ing each  other."  Another  principle  that  should  be  added  to 
the  above  is  that  a  knot  or  a  hitch  must  be  so  devised  that  the 
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Hght  part  of  the  rope  must  bear  on  the  free  end  in  siich  a  manner  as 
to  pinch  and  hold  it,  in  a  knot,  against  another  tight  part  of  the 
rope,  or  in  a  hitch,  against  the  object  to  which  the  rope  is  attached. 


Pigs.  2,924  and  2,925. — Granny  knot.  This  is  frequently  made  by  mistake  for  a  square 
knot.  It  tends  to  slip  under  strain  and  is  very  hard  to  untie  when  set.  The  point  at  which 
a  granny  knot  may  be  detected  is  in  the  position  shown  in  fig.  2,924.  Ropes  A  and  B  are 
not  on  the  same  side  of  C,  as  they  should  be  in  making  a  square  knot,  and  when  the  knot 
is  completed  they  are  still  wrong,  as  shown  in  fig.  2,925. 

Pig.  2,926. — Surgeons  knot.  The  left  end  of  one  rope  is  first  wrapped  twice  around  the  other 
rope,  instead  of  once  as  for  the  square  knot.  If  n9w  the  rope  be  pulled  up  tightly,  the 
extra  twists  tend  to  keep  the  knot  from  slipping  while  the  second  part  of  the  tie  is  made. 
In  using  this  knot  with  smooth  cord,  as  in  tying  biindles,  after  the  first  wraps  have  been 
taken  and  the  cord  drawn  up  firmly,  it  is  necessary  to  kink  the  double  twists  into  a  bunch  so 
as  to  jam  them,  by  swinging  the  hands  around  in  such  a  manner  that  the  wrists ^cross,  while 
still  pulling..  The  kaot  will  then  hold  securely  while  the  second  part  of  the  tie  is  made  and 
dr&wn  up  tightly. 


Pigs.  2,927  to  2,930. — Slip  knot.  It  may  be  made  by  starting  either  with  the  position  shown 
in  fig.  2,927  or  with  that  in  fig.  2,929,  whichever  be  easier  for  the  person  tying  the  loop. 
When  beginning  withfig.  2,927,  grasp  the  end  of  the  rope  in  the  left  hand  and,  bringing  tne 
right  hand  upward,  pick  up  a  bight  of  the  rope  on  the  wrist  as  shown.  Bend  the  right  wrist 
so  that  the  palm  of  the  hand  is  upward  and  the  little  finger  touches  the  short  end  of  the 
rope.  Then  rotate  the  wrist  as  shown  by  the  upper  arrow.  ,  This  will  cross  the  sides  of 
the  bight  and  form  a  loop  around  the  wrist,  and  at  the  same  time  will  bring  the  main  rope 
in  between  the  thumb  and  the  first  finger  as  shown  in  fig.  2,928  and  as  indicated  by  the 
lower  arrow  in  fig.  2,927.  Grasp  the  main  rope  and  draw  a  bight  up  through  the  loop,  as. 
shown  in  figs.  2,929  and  2,930.  In  starting  with  the  position  shown  in  fi^r.  2,929.  the  end 
is  held  in  the  left  hand  and  the  loop  formed  by  twirling  the  rope  to  the  right  between  the 
thumb  and  the  fingers  of  the  ri^ht  hand.  Either  method  is  easy,  provided  the  end  is 
held  in  the  left  hand  at  the  beginning. 
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Bawlinsknot.  /.  Ovarhand mmthod,   ^iththeiighthandlaT' 
long  rope,  and  with  tha  kft  tand  grasp  ■'     '  .... 

Hold  the  tight  h^Tid  fitationarv,  anc 
■r  tn  fnrm  g  loop  obout  the  and,  83  indLi 

h  the  light  hand  draw  thf 

e  from  right  — '-'■  '-"•■: 


the  lon^  ro 
,B33,     Past 


with  the  kft  hand  hrins  the 
.ted  by  the  arrow  in  fig.  5.931 
cod  up  through  the  loop  and 


n  fig.  S,B3*.      Note  that  thi*  knot 

nn  a  Dignt  up  [nrnugh  it,  tha  bight  Einng  around  behind  the  long  rope. 
.  the  best  knot  Icnowik  for  forming  a  loop  that  will  not  slip  under  <r.i>n 
laill"  untied.     The  overhand  method  is  used  when  standing  o 
id  malcing  a  loop  that  is  not  fastened  to  any  object. 


6,935).      Now. 


■«:■« 


h  thB  left  hand 


.o  fig.  S 


.    Undarhand  mathad.    Pass  the  ropa  through  the 
i^ht.  holding  the  long  n^e  in  the  left  hand.     Talu 

e  to  tha  long  rope.  This  is 
Ih  the  right,  aa  indicated  br 
a  and  the  end  passing  thinngh 
1  left  to  right  under  the  lone 


■Bowlina : 

■       I  left  to  right,  hoi      _ 

the  loop"from  the  short  i 

—  -jft  hand  and  pulling  up 

With  tha  loop  tranrf eircd  to  thalong 


e  and  maVirtg  a  loop  aiound 
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las.  5,944  to  6.M6.— Bowline  on  a  bight.   To  mske  a  loop  with  a  bowhne 

knot  in  the  middle 

o£  a  long  rope,  or  to  eet  s  loop  of  double  rope  at  the  end  of  a  rope,  a  1 
by  the  overhand  mfitbod.  usmg  a  bight  of  the  rope  instead  of  a  Bingl 

owling  knot  is  tied 

rope.  The  Gteps 
ter  arriving  at  tSe 

indicated  in  fig.  5.944  are  the  same  as  those  described  for  fig.  5.031.    A 
position  shomi  in  fig.  5,945,  however,  the  Itnot  is  made  differently.    I 
being  passed  around  behind  the  long  ropea,  it  is  piilled  up  through  the  s 
brongfft  downward,  aa  indicated  by  the  arrow  in  fig.  6,945,  and  the  who 

nstead  of  hirfit  A, 
nail  loop  ana  then 

e  of  the  large  loop 

B.  is  passed  through  the  bight  A.    The  bight  ia  then  brought  back  to 

and  loop  B,  is  pulled  out  again,  which  brings  bight  A,  down  into  place 

and  ptoiiuces  tha 

r  both  thrown  over  one.  Either  loop  will  hold  without  slipping  and  i 
rm  a  bight  in  the  rope  and  bring  the  end  of  the  bight  up  underneath  tlb 
fig.  6.947.  thus  forming  two  loops.  Cross  the  sides  of  the  bight  at  A, 
Grasp  this  crossing  and  fold  it  down  on  point  B ,  thus  f  orrning  two  new  s 
jwn  m  fig.  6.948.  Pass  the  end  of  each  laige  loop  back  through  the  t 
as  indicated  by  the  arrows  in  fig.  5,948,  pull  ^ese  loops  out  hard,  and  th 
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The  principle  is  illustrated  in  the  Stevedore's  Kjiot,  figs.  5,952  and 
5,953  and  in  the  half  hitch  fig.  5,954. 

The  elements  of  a  knot  or  bends  that  a  rope  undergoes  in  the 
formation  of  a  knot  or  of  a  hitch  are  of  three  kinds: 

1.  Bight. 

2.  Loop  or  turn. 

3.  Round  turn. 


Pigs.  5,950  and  6,951. — Figure  eight  knot.  This  is  used  for  making  a  knob  on  the  end  of  a 
rope  or  for  keeping  the  strands  from  untwisting.  It  may  be  easily  untied.  Form  a  bight 
near  the  end  of  the  rope,  give  the  short  end  one  complete  turn  about  the  long  rope,  and  pass 
it  up  into  the  bight  (ng.  5,950).  Pull  up  tightly,  so  that  the  end  is  square  across  the  ro^. 
By  putting  in  a  short  stick,  ox  shackle,  as  shown  in  fig.  5,951,  the  knot  may  be  very  easily 
untied. 

Figs.  5,952  and  5,953. — Stevedore's  knot.  This  knot  is  used  for  making  an  extra  large  knob 
on  the  end  of  a  rope.  It  is  tied  the  same  as  a  figure-eight  knot,  except  that  two  turns  are 
taken  around  the  roi>e  instead  of  one,  and  it  may  be  made  either  without  or  with  a  shackle 
as  in  fig.  5,952  and  in  fig.  5,953. 


Pig.  5,954. — ^Half-hitch.  This  is  a  temporary  and  not  very  secure  fastening.  In  the  figure  the 
half-hitch  is  shown  taken  around  the  main  rope  and,  as  shown,  it  consists  merely  of  a  loop 
around  the  rope  with  the  free  end  pinched  between  the  rope  and  the  object  to  which  it  is 
attached. 

Fig.  6,955. — ^Timber-hitch.  This  is  a  secure  temporary  fastening  very  easily  undone,  which  is 
used  to  a  considerable  extent  by  carpenters  for  raising  timbers.  To  make,  pass  the  rope 
arotmd  the  timber,  take  a  half-hitch  around  the  rope,  and  then  pass  the  free  end  once  more 
between  the  rope  and  the  timber,  as  shown. 

Figs.  5,956  and  5,957.— Two  half-hitches.  Fi^.  6,956,  wrong  way;  fig.  5,957  right  way.  This 
is  a  good  fastening  and  is  secure  provided  it  is  well  pulled  down  and  set  before  being  sub- 
jected to  a.  load.  If  tied  according  to  fig.  5,957,  the  hitches  are  easily  loosened,  but  if  made 
as  shown  in  fig.  5,956,  they  will  jam  tigntly. 
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Pigs.  6.958to6.9e0.— Elements  of  a  W  Fig.  6.968  bight;  fig.  6.969.  loop  or  turn;  fig.  6.960. 
"*^5  t"™  ij  ^  «  JL***^'Sr*,^®  ^**^*  "  formed  by  simply  bending  the  rope,  keeping  the  sides 
paxaUel;  m  fig.  6.969.  the  loop  or  trirn  is  made  by  crossmg  the  udes  of  a  bight:  in  fig.  6.960 
the  round  turn  is  proauoed  by  further  bending  one  side  of  a  loop. 


Fig.  6,961. — ^Anchor  bend.  ^  This  hitch,  also  called  fisherman's  bend,  is  used  for  fastening  a 
rope  securely  to  a  metal  ring,  such  as  that  on  an  anchor,  with  a  double  rope  in  contact  with 
the  metal  to  prevent  excessive  wear.  To  make,  take  a  round  turn  around  the  ring  and  then 
two  half  hitches  around  the  rope,  passing  the  end  for  the  first  half  hitch  throtigh  the  lo<q> 
of  the  round  turn  as  shown.  In  this  form  the  hitch  is  very  secure,  but  it  may  be  made  more 
so  by  whipping  the  end  to  the  main  rope. 

Fig.  6,962. — Combined  timber,  and  half  hitch.  This  secure  fastening  is  useful  in  handling 
long  articles  that  mtist  be  kept  in  line  with  the  pull  of  the  rope.  Note  that  the  half  hitch 
is  around  the  object  this  time,  and  not  around  the  rope* 

Pigs  .  6 .963  and  6 ,964  .—Clove  hitch .  This  consUta  of  two  half  hitches  arranged  for  fastening 
a  rope  around  an  object.  It  may  be  made  in  the  middle  of  a  long  rope  without  access  to  the 
ends,  and  will  stand  a  j>ull  from  either  direction  without  slipping  when  once  properly  set.. 
It  is  easily  undone^and  is  a  very  useful  hitch.  1.  Bepinner's  method:  By  twisting  the 
rope  to  the  ri^ht  with  the  right  hand,  form  two  loops  m  a  figure  eight  with  the  ends  of  the 
rope  side  by  side  at  the  center  and  extending  in  opposite  directions,  as  shown  in  fig.  6.963. 
By  still  further  twisting  the  right  hand  in  the  same  direction,  as  indicated  by  the  arrow  in 
fig.  5,963,  the  hitch  is  thrown  into  the  completed  form  as  shown  in  fig.,  6,964.  Put  the . 
loops  over  the  object  and  pull  taut.    2.  Hand  and  toe  method:    This  is  used  by  sailors 

'  for  heavy  rope.  Draw  the  rope  along  the  fioor  from  left  to  right  across  the  toe  of  the  right 
foot,  and  then  swing  it  around  back  again  from  right  to  left,  forming  a  loop.  With  the 
foot  turn  the  whole  loop  upside  down  and  over  to  the  left.  Then  form  a  second  loop  by 
swinging  the  rope  around  in  the  same  direction  as  before.  The  loops  will  then  be  arranged 
as  in  fig.  5,963,  except  that  the  left  hand  rope  wiU  in  this  case  come  down  from  above  instead 
of  up  from  below  as  m  the  picture,  and  the  right  hand  one  will  go  from  below  upward.  Pick 
\p  the  loops,  folding  them  together  as  in  fig.  5,964. 
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These  are  shown  in  figs.  6,958  and  5,960. 
Knots  and  hitches  are  made  by  combining  these  elements  in 
different  ways  conforming  to  the  principles  of  a  knot  given  above. 

For  example,  the  half  hitch  (fig.  5,964)  is  a  loop  around  a  rope,  with 
the  free  end  locked  under  the  rope;  the  clove  hitch  (fig.  6,977)  consists 
of  two  loops  over  a  post;  the  sheepshank  (fig.  6,029)  is  a  round  turn  and 
two  loops;  the  bowline  knot  (fig.  6,934)  is  a  loop  with  a  bight  through 
it  and  around  the  main  rope;  and  the  weaver's  knot  (fig.  6,968)  is  the  same 
as  the  bowline  knot,  except  that  the  ends  take  a  somewhat  different 
direction. 


?.!er»5# 


Pigs.  5,075  to  5,977. — Clove  hitch.  ///.  Saiior'M  methoeL  In  this  method  the  hitch  is 
made  whil3  there  is  a  pull  on  the  rope,  as  in  mooring  a  boat.  Sustain  the  strain  on  the  rrae 
w*th  the  left  hand,  as  shown  in  fig.  5,975,  and  by  tvnsting  the  rope  to  the  right  with  the 
right  hand,  as  indicated  by  the  arrow,  form  a  loop  in  the  rope  and  then  roll  the  loop  over  the 
top  of  the  post.  >Move  the  left  hand  up  beyond  the  loop,  nold  the  rope  there,  and  with  the 
right  hand  form  a  second  loop  and  roll  it  in  place  as  shown  in  fig.  5,976.  Note  that  in  the 
finished  hitch,  fig.  5,977,  the  diagonal  rope  binds  both  ends  against  the  post. 


Pigs.  5,978  and  5,979. — Clove  hitch.  /F.  Cowbou's  method:  Pick  up  the  rctoe  with  the 
left  hand,  and  with  the  right  form  a  loop  to  be  held  by  the  left  as  shown  m  fig.  5.978.  Gran) 
the  rope  farther  out  with  the  right  hand.  Without  releasing  the  rope  bring  the  hands 
upward  and  together  as  indicated  by  the  arrows  so  that  the  knuckles  of  the  left  hand  press 
the  backs  of  the  fingers  of  the  right,  as  shown  in  fig.  5,979.  Grasp  all  the  ropes  with  either 
hand,  and  the  hitch  is  ready  for  use.  The  advantages  of  this  way  of  makmg  the  hitch  are 
that  in  the  first  stage  (fig.  5,978)  the  rope  is  very  conveniently  carried  in  the  field  whik 
walking,  and  that  the  last  state  (fig.  5,979)  is  quickly  made  from  the  first. 
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taa.mii.— >^i<ivenitcti.  r.  Clrcu*  rrurftodt  Cioss  the  BRns  in  f  rout  of  the  bodv 
ntdde  the  right,  BSd  pick  up  the  rope  u  ■hown  in  Gg.  e.SBO.  Without  twisting  th> 
wniHHuCTOB  the  una.  m  indicaled  by  the  arrows  in  fig.  a|tl80  and  take  the  position  shown 
in  fiS'  ■■Ml.  Now  totate  boUi  hands  to  the  tight  as  indicated  by  the  sitowb  animd  the 
wrists,  and  pat  the  ImncUes  of  the  leit  hand  into  the  pslm  of  the  right,  as  shown  in  fig 
S,a82.  Slip  the  loop  from  the  left  hand  into  the  right,  aod  the  hitch  is  ready.  For  moM 
peisaostheiediawingsirinbenioreeaailyfollowedif  theyareinverted.  The  tircns  method 
IS  the  quickeat  way  of  makiiig  the  clove  hitch,  and  should  be  leanied  by  everyone.  It  b 
especjauy  useful  in  pitching  luve  tents,  when  maa/  lopes  must  be  picked  ui>  Cram  the 
ground  u>d  fastened  to  short  stskea. 


Figs.  S,983  to  S.SSS. — Scaffold  hitch.  By  the  cowboy's  or  cireos  method  form  a  clove  hitch 
of  ample  site  so  that  when  placed  over  the  end  of  the  scaflold  plank  it  nill  bang  loosely  below 
it,  as  m  fig.  5,683.  Draw  to  the  left  the  rope  in  the  left  hand  in  Eg.  5.083,  and  to  the  right 
the  rope  in  the  right  hand  in  tbeBuns  figure,  thus  gaining  the  position  shown  in  fig.  5,834. 
Turn  the  plank  over,  draw  the  ropes  up  above  it,  join  the  short  end  to  the  long  rope  by  an 
□vnhaod  bowline  Ifis.  S,084).  pull  the^iowline  tight,  at  the  same  time  adjiotins  the  lenMh 
<d  the  two  ropes  so  ^t  they  hold  the  plank  level,  and  the  hiti^  is  finished  as  shown  in  fig. 
6,985.    Attach  a  Eeeond  rope  to  the  other  end  of  the  plank  in  the  aame  way  and  the  (     "    ' 


ha  plank  in  the  aame  way  and  the  scaSdd 

sinflLe  rope  at  each  end.    If  a  scaffold  of  this  land  is  to  be  safe,  ^e  ropes  must  be  att 
to  the  boMd  in  such  a  way  that  the  board  will  not  turn.    The  scaSidd  hitch  fills  the  n< 
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Effect  of  Knots. — ^A  rope  is  weakened  by  knots  because  in 
order  to  form  a  knot,  the  rope  must  be  bent  which  brings  most  of 
the  strain  on  the  outside  fibers;  the  overloading  breaks  the 


Pigs.  6,986  to  6,988.— Jam  hitch.  Paas  the  coid  around  the  package,  bringing  the  short  end 
beyond  the  long  cord  and  from  right  to  left,  as  shown  in  fig.  6,986.  Bend  the  short  end  to 
the  right  to  form  a  bight  around  the  long  cord,  and  then  take  a  turn  around  the  other  side 
of  the  bight .  as  indicated  by  the  arrow  in  fig.  6,9S6  and  as  shown  in  fig.  6,987.  PaM  the  end 
upward  inside  the  bight  and  next  to  the  long  cord,  as  indicated  by  the  arrow  in  fig.  6,987 
and  as  shown  m  fig.  6,988.    Pull  the  hitch  up  tightly  so  as  to  pmch  the  long  cord.    It  can 


cord  in  one  direction,  but  will  jam  and  noTd  against  moving  the  other  way,  will  be  found 
exceedingly  convenient.  The  jam  hitch  will  answer  these  requirements,  provided  the  cord 
used  is  Ifutge  enough  and  of  not  too  hard  a  body  nor  too  smooth  a  surface. 


Pig.  6,989. — Grain  binder  knot.  To  make  lay  the  ends  side  b^  side  and  tie  an  overhand 
knot  in  them  as  in  fig.  6,989.  The  grain  binder  knot  is  the  simplest  way  of  joining  tws 
ropes,  and  the  one  used  on  the  automatic  binding  attachments  of  all  grain  harvesting  ma- 
chmes.    A  disadvantnge  is  that  the  knot  is  difficult  to  >untie.  when. once  .pulled  tightly.. 

» 

Figs.  6,990  and  ^,991. — SquTire  knot.  Cross  the  ropes,  placing  the  right  under  the  1^, 
wrap  the  end  of  the  left  rhf^  around  the  right,  and  bend  each  rope  back  on  its^  as  in  fig. 
6,9^.  Note  that  ropes  ti  and  B  are  on  the  same  side  of  C.  Wrap  A  around  the  otha 
rope  end,  producing  the  Knot  as  in  fig.  6,991,  A  and  B  being  still  on  the  same  mde  of  C. 
The  square  knot  is  most  frequently  used  of  all  knots,  it  is  secure,  when  set  and  may 
be  untied  without  difficulty.  Caution:  In  making  a  square  knot  care  should  be  taken  not 
to  make  a  granny  knot  by  mistake. 
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outside  fibers,  increasing  the  strain  on  the  fibers  below  which 
later  break  and  soon  the  entire  rope  breaks. 

From  experiment  by  Prof.  E.  P.  Miller  the  approximate 
efficiency  of  knots,  hitches  and  splices  is  as  given  in  the  following 
table. 

Efficiency  of  Knots,  Hitches  and  Splices 


Efficiency     of     the 
knot 


Eye- 

• 

splice 

Timber 

Clove 

Square 

Straight 

over 

Short 

hitch, 

hitch, 

knot, 

rope 

an 

splice 

anchor 

running 

weaver's 

iron 

bend 

bowline 

knot 

eye 

ICO 

90 

80 

65 

60 

SO 

Over- 
hand 
knot 


45 


5,902.  Now  take  the  lower  part  of  the  loop,  shown  touching  he  left  yrist  m  fig.  6,W£, 
and  pass  it  between  the  bight  uid  the  side  of  the  loop  as  indicate  by  the  arrow  in  fig.  5.902 
and  shown  in  fig.  5.004.  To  puU  the  knot  up  tightly  and  hav,*  it  keep  its  form,  lay  it  on 
the  right  knee  or  some  other  surface  and  draw  the  new  bight  through  by  pulley  up  its  side 
toward  the  body,  as  indicated  by  the  arrows  in  fig.  5,003.  Pull  the  Imot  up  tightly,  at- 
taining the  finished  form  (fig.  5,004).  The  harneM  hitch  is  used  by  sailors  for  making 
loops  m  a  towline.    It  does  not  we^n  the  rope  very  much  and  is  easily  untied. 
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Size  of  Pulle3r8. — ^A  rope,  as  it  goes  around  a  pulley,  is  con- 
tinually bending  and  straightening.  The  bending  brings  excess 
strain  on  the  outer  fibres  and  causes  the  strands  to  chafe  each 
other  at  the  center  of  the  rope.  Evidently  the  smaller  the 
pulley,  the  worse  the  chafing. 


Pigs.  5,095  to  5,907. — Miller's  knot.  Take  a  roiind  ftim  about  the  neck  of  the  sack  or  the 
fixed  object  crossing  the  ropes  in  domg  so,  as  in  fig.  5,905.  Raise  the  main  rope  just  above 
the  crossing,  pass  the  free  end  under,  as  in  fig.  5,006,  and  draw  up  tightly  (fig.  5,097).  This 
hitch  may  be  loosened  by  grasping  either  end  of  the  rope  and  pulling  it  around  to  the  right 
or  left,  as  the  case  may  be.  In  tying  9ack9  it  is  convenient  to  hold  the  mouth  of  the  sack 
shut  with  the  left  hand,  and  to  wrap  the  twine  around  the  sack  and  the  little  finger  of  the 
left  hand  in  <iuch  a  way  that  the  finger  is  in  the  place  of  the  upper  rOT>e's  end  in  ng.  5,006. 
The  twine  is  brought  on  arotmd  the  sack,  caught  by  the  finger,  and  drawn  back  under  the 
first  wrap  of  twine  in  a  direction  diagonally  upward  from  left  to  right.  The  miller's  knot  is 
especially  adai>ted  to  tying  up  grain  and  flour  sacks;  it  is  also  useful  in  place  of  a  dove 
hitch  in  fastening  a  rope  to  an  object  whose  ends  cannot  be  reached,  such  as  a  post  in  a 
bajm. 


^^sssss 


Fig.  5,008. — Crossing  hitch.  The  purpose  of  this  hitch  is  to  prevent  slipping  at  the  crossing 
point  of  ropes  or  of  twine.  It  is  especially  useful  in  tying  up  packages,  and  is  so  simple  as 
to  require  no  explanation. 

Pigs.  5,000  and  6,000. — ^Blackwell  hitch.  Form  a  bight  in  the  rope  and  pass  it  under  and  bade 
of  the  hook,  as  shown.  Cross  the  sides  of  the  bight  to  form  a  loop  about  the  shank  of  the 
hook,  passing  the  free  end  between  the  hook  and  the  main  rope  as  in  fig.  6,000.  The  BladE 
well  hitch  is  useful  when  it  is  necessary  to  attach  a  rope  to  a  hook.  A  quick  and  secure 
temporary  fastening  is  the  blackwell  hiteh,  which  is  simply  a  half  hitch  ateut  the  shank  of 
^he  hook. 


ROPES,  KNOTS  AND  SPLICES 


Since  the  chafing  of  a  four  strand  rope  is  less  than  that  of  a 
three  strand  rope,  one  with  four  strands  should  be  used  especially 
if  small  pulleys  be  necessary. 


.^™^    , »   tackle   be  pulled  to- 

Gthcr  withe   '  --"■---  "  -  '     ■ 
rhenciugh^ , 

■  nr  to  Bupport^t 

.,___.    .     -..J    to    sBow    the 

tackle  to  be  extended  and  re- 
attached to  the  pull  rope  farther 
up. 
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Treatment  of  Rope  Ends. — The  process  of  building  up  a 
rope  from  strands  is  called  laying  a  rope,  and  so  twisting  to- 
gether strands  that  have  become  untwisted  is  called  relaying, 
the  latter  process  being  shown  in  fig.  6,010. 

Whipping  consists  in  binding  the  end  of  a  rope  with  twine 
to  prevent  it  untwisting. 

Ropes  that  are  to  be  passed,  through  pulley  blocks,  or  like 


Pig  6  010.--Relaymg.  In  performing  this  operation,  the  rope  is  held  in  the  left  hand,  and 
stmAd  No.  1  is  twisted  up  tightly  by  turning  the  right  hand  as  indicated  by  the  arrow 
around  the  wrist.  This  strand  is  then  pulled  down  snugly  into  its  place  m  the  rope  and 
is  held  there  by  pressing  the  left  thumb  on  the  t>omt  XT.  The  rope  should  not  be  turned 
in  the  left  hand.  The  next  step  is  to  grasp  strand  No.  2.  twist  it  up  tightly,  lay  it  in  snugjy 
above  No.  1.  holding  it  with  the  left  thumb  by  pressing  on  a  point  on  No.  2  just  above  the 
point  X,  and  on  the  same  side  of  the  rope.  The  left  thumb  should  not  work  around  the 
rope,  but  should  move  straight  up  the  same  side.  Strand  No.  3,  is  treated  as  was  No.  2 
and  then  No.  1  is  in  place  to  be  laid  in  above  No.  3.  This  process  is  repeated  until  the  end 
<rf  the  rope  is  reached  and  it  should  result  in  the  return  of  the  rope  to  its  original  condition 
provided  the  strands  themselves  be  not  too  badly  untwisted;  in  the  latter  event  it  is 
cheaper  to  cut  off  the  rope  than  to  try  to  relay  it. 

halter  ropes,  throtigh  small  holes,  should  be  finished  in  this  way. 
A  method  of  doing  this  so  that  both  ends  of  the  twine  are  fastened 
by  tucking  under  the  whipping  is  shown  in  figs.  6,017  to  6,021. 

Crowning. — This  is  a  neat,  secure  and  permanent  method 
of  fastening  the  strands  of  a  rope  when  a  slight  enlargement  of 
the  end  is  not  an  objection.  Figs.  6,011  to  6,016  show  how  this 
is  done. 
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Emei^eiicy  Trip  Sling. — It  is  sometimes  desirable  to  use  a 
sling  that  can  be  tripped,  and  the  load  dropped,  without  slack- 
ing up  on  the  hoisting  rope  as  is  done  with  a  regular  trip  sling 
for  hay.  If  such  a  sling  be  not  at  hand,  a  substitute  may  be 
made  as  follows: 

Procure  a  piece  of  rope  o£  sufficient  length,  splice  or  tie  the  eada  together 
to  moke  it  endless,  draw  the  loop  out  long,  and  lay  on  it  the  mat^al  to 
be  raised.     Pull  the  sling  up  around  the  load  and  lay  one  end  of  the  sling 


the  I 


i.uii  [u  g.u". — WhippinB  thecDdof  a  rope.    To  ahlp!    Vnfny  one  BtrHnd  of  the  in 
:k  to  the  point  where  the  whippioff  is  to  begin.    Under  this  strand  lay  the  twine,  leavi 

-    ■  lincheslDnBflsshowninGg.e.OlTai  ■  ■*        

id  pulled  hard  down; 


_- - LPtiBhtl>. .._, , 

which  it  is  tucked;  usuall/tiowever,  this  is  not  necessary.    Whip  the  lone  aid  otThe  tirini 
iTound  both  the  rope  and  tha  shnrt  end  of  the  twine,  being  careful  to  pull  it  up  tightly  and 


in  fig.  6,018.    Continue 
S.e,021  the  completed  result. 


1^1  the  double  ropes  of  the  other  end,  as  is  done  in  fig.  5,944.  Throw  a 
half  hitch  over  the  first  end,  as  shown  in  fig.  fi,d45,  getting  the  hit(^  as 
near  the  load  as  possible  aad  at  the  same  time  leaving  the  end  A  only 
long  enough  to  hold.  In  this  case  the  two  ropes  eictending  upward  in 
fig.  6,945  would  be  joined,  forming  a  bight.  Into  this  bight  fasten  the 
hoisting  rope  and  begin  hoisting  gradually,  watching  the  hitch  to  see  that 
it  becomes  properly  set. 

If  a  trip  rope  be  fastened  at  the  point  held  by  the  left  hand  jn  fig.  5,945, 
the  hitch  may  be  tripped  by  a  sharp  pull  toward  the  right.  It  must  be 
remembered  that  this  is  only  an  emw^ency  hitch  and,  while  quite  secure 
when  properly  set,  it  will  give  way  if  not  so  set.  Therefore  it  is  neces- 
sary to  keep  from  beneath  the  load. 
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Care  of  Ropes. — Hemp  is  easily  rotted  by  the  influence  of 
damp;  hence,  if  the  ropes  have  been  used  in  the  rain  or  allowed 
to  get  into  water,  they  must  be  hung  up  to  dry.  A  beam  within 
a  shed,  some  eight  or  ten  feet  above  ground,  is  most  convenient 
for  this  purpose,  the  rope  being  passed  over  it  from  one  side  to 
another,  and  hanging  down  in  loose  festoons  on  each  side  well 


_a haaMBioop  ttnu fom. —  , ^  »„_.  ^.» 

urowuiSg.  6.023.    This  ^ve*  tlie  finiabid  tsdde  aa  ■bom 
unple  dt^  al  "  ■   "     -  —.. 

put  of  the  waffon.bfpulUnADiirqpeD,  wecancause  therope  topullon  loop  B.  whidb  i 
■et  uatacklebloclcsndwinBrsat&'incnaBUispijUoii  A.    Both  hMh  of  the  loop  C,  m 


_n  Bg.  6.021.  If.  DOW  in  the  cumplc  dtea  above,  the  lope  A  (fig.  6.024)  come  tiom  o\_ 
the  load  of  bay  and  the  bight  C,  is  cau^t  over  the  end  of  tSe  reach  or  some  other  convenient 
_.  _..  .r  ^, Ki.bypullinjffonropeD,  wo  can  cause  the  rope  to  pull  on  loop  B,  whidb  will 


pullon  thetackle  above,  otherwiae  the  half  hitch  will  pull  OL..     _. 

badly  at  B .  and  somewhat  at  C.  so  this  tackle  should  not  be  made  up  frequently  in  the  aa 
place  ia  the  rope.    '^  ""  """■ — "■""■  ' ""'"" 


clear  of  the  ground.  This  facilitates  the  circulation  of  the  air 
around  each  part  of  the  rope.  On  no  account  should  a  rope  be 
coiled  up  when  wet,  as  the  internal  covered  parts  absorb  all 
the  moisture  and  quickly  rot. 
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fibres  is  by  p«utially  uutwistiiig  the  Etrands  by  moving  each  hand  in  oppo- 
site directions  as  they  hold  the  rope;  this  gives  an  opp^unity  of  examining 
the  under  side  of  the  strands. 

The  strain  and  chafing  cause  rupture  ol  the  fibres,  which  must  be  seen  to. 
Much  of  this  trouble  may  be  obviated  ia  the  case  of  standing  ropes  by- 
using  "parcelling,"  or  chafing-gear,"  of  r^s,  marline  or  leather  bound 
around  the  rope  to  protect  it. 

■;  such  as  a  boiler 


idfia  for  ndncms  thi 
Lth  the  right  hand,  wi 

^■£^'  '  ' 

se.e 


3pe  leavinff  a 

i»  requirecf  ki 


Et  hand  grasp  the  ndes  of  the  Kocmd  bight  uid  with  the  right  hand  throw  a  half  hitch 
«  the  nne  over  this  bight  by  tuniina  tha  rigbt  wriM^  indicated  by  the  srniw  in  fig.  B.O?^ 

and  as  shown  in  the  linished  aheepahanlc  in  fi|"  "  ""^     -rf-i.-  j__;_.j^.  _v  — .. —  ^i. 

permanently,  the  ends  may  bo  passed  throne 
6,029.    The  sheepshank  I*  uied  tor  thortenu 


)  ahoTten  the  tc 
■econd  b!ght£,  as  ahown  in  fig. 
ade  quicldy  and  withont  acocH 

^ L  be  cut  at  the  end  ot  one  of  the 

two  oigtits  or  along  tne  centisl  pare  in  fig.  Q.02.4.  a£cer  which  a  strain  may  safely  be  put  on 
the  rope  just  aa  if  it  weie  not  cut.  It  i%  said  1;hat  this  fact  ii  utilized  by  steeple  climbers. 
who.  before  lowering  themselves  by  ropes  from  tow(:rs  where  they  have  been  at  work,  make 
■  aheepahank  near  the  upper  end  ot  the  njpe,  cut  it  as  described  above,  lower  tbems^vea  to 
the  grnund.^and  then  loosen  the  sheepshank  by  Bt"'~  "     "    ~^ —  """  "  ' '"""  '"  """ 


gTxnmd  leaving  only  a 


mthett 


when  the  ci 


Ropes  that  have  to  be  exposed  to  wet  are  rendered  more  durable  by 
coating  the  yam  with  Archangel  tar  in  the  process  of  making.  This,  how- 
ever, reduces  the  strength  of  the  rope  by  one-fourth. 

It  may  be  advisable  to  state  here  that  rope  makers  generally  specify  all 
their  manufactures  in  terms  of  their  circumference,  and  the  various  formula 
for  wdght  and  strength  are  all  calculated  from  that  dimension. 
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Pigs.  6,030  to  6,034. — ^Hitching  tie.  Pass  the  rope  around  the  post  from  left  to  right,  thus 
forming  a  bight.  Grasp  both  sides  of  the  bight  in  the  left  hand,  and  with  the  right  hand 
throw  the  short  end  across  the  ropes  id  front  of  the  left  hand  as  indicated  by  the  arrow  in 
fig.  6,030,  thus  forming  a  second !bight  below  the  left  hand.  Pass  the  right  hand  through 
this  second  bight,  as  in  fig.  6.031.  and  pull  the  rope  back  through  it  to  form  a  third  bight, 
down  through  which  the  end  of  the  rope  is  passed  as  shown  in  fig.  6.032.  Pull  the  knot 
up  tightly.  There  is  a  right  way  and^a  wrong  way  to  leave  this  tie  when  hitching  to  a  plain 
post  without  a  groove,  ring,  or  crossbar  to  keep  the  rope  from  slipping  down.  If  the  knot 
be  twbted  around  to  the  right  of  thej>o^t.  as  in  fig.  6,033,  a  pull  oh  the  tie  rope  will  draw  the 
rope  tightly  about  the  post  and  wiU  thus  prevent  it>lipping  down;  if,  on  the  othef  hand, 
he  knot  be  at  the  left,  as  in  fig.  6.034;  a  piOl'will  not  tighten  it  and  it  will  slip  down. 


Pigs.  6,035  to  6,038. — ^Halter  tie.  Pass  the  end  of  the  rope  upward  through  the  ring,  then 
downward  on  the  left  of  the  long  rope,  grasping  it  with  the  right  hand  and  holding  the  long 
roije  with  the  left  hand  as  shown  in  fig.  .6.035.  Draw  the  end  to  the  right  and  upwanl' 
as  indicated  by  the  arrow  in  fig.  6;035.  thus  supporting  the  long  rope  as  shown  in  fig.  6,036. 
Now  pass  the  end  of  the  roi)e  over,  under,  and  again  over  the  long  rope,  as  indicated  by 
the  arrow  in  fig.  6,036  and  as  shown  in  fig.  6,037.  Draw  the  end  through,  as  in  fig.  6,038, 
and  set  the  knot  by  puUing  first  on  the  short  end.  This  is  important.  If  the  long  rope  be 
pulled  first  and  the  kinks  in  it  be  straightened  out.  the  tie  forms  a  slip  knot,  being  simply 
two  half  hitches  around  the  rope.^as  in  fig.  5,957.  The  halter  tie  is  preferred  by  some  per- 
sons to  the  hitching  tie  just  described,  for  use  in  hitching  or  in  tying  the  halter  rope  in  the 
stall.  If  properly  set,  it  is  secure  and  may  be  used  in  some  cases  in  place  of  the  underhand 
bowline  Imot.  Tl^e  halter  tie  should  never  be  used  around  a  horse's  neck,  because  if  the 
tie  be  not  set  up  correctly  it  fomis  a  slip,  knot  and  its  use  naight  result  in  strangulation  of 
the  animal.  ^  ^    .  •    -v.  < 
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Rope  Transmission. — There  are  two  distinct  systems  of 
rope  drive, 

1 .  The  multiple  or  English  system. 

2.  The  continuous  or  American  system. 

Each  of  these  has  its  advocates,  certain  sections  of  the  country 
adopting  one  and  condemning  the  other. 

The  mutliple  system  is  the  simpler  iatid  consists  of  one  or 


Pig.  6.030. — Multiple  drive  for  cotton  mill,  transmitting  power  from  one  main  driving  pulley 
to  several  shafts  located  in  different  flows.  Each  rope  transmission  may  consist  of  one 
or  more  independent  ropes,  according  to  the  amount  oc  power  to  be  transmitted. 


more  independent  ropes,  running  side  by  side  in  the  grooves  of 
the  pulleys. 

This  system  is  especially  adopted  to  the  transmission  of  large  powers, 
and  gives  the  very  best  restilts  for  drives  protected  from  the  weather,  when 
the  shafts  are  parallel  or  nearly  so,  and  where  the  drive  is  sufficiently 
off  the  vertical  to  prevent  ropes,  when  slack,  leaving  the  grooves  of  the 
lower  sheave.  Witn  this  system  the  drive  has  the  greatest  security  against 
breakdowns,  because  of  the  extreme  unlikelihood  of  more  than  one  rope 
giving  way  at  the  same  time. 
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When  a  failure  does  occur,  the  individual  rope  may  be  removed  and 
repaired  at  some  convenient  time. 

Again  power  may  be  more  easily  carried  to  tke  diSerent  floors  of  a  mill; 
the  amount  of  power  transmitted  may  be  more  readily  increased  by  the 
addition  of  new  ropes;  the  rope  always  bending  in  the  same  direction, 
has  lon^r  life  than  m  the  continuous  system;  fin^y  it  is  cheaper  to  install 


8,0*0.— Cootinuom  drive;  I, 


6,0*1.— CootiaiiBus drive;  U,  t 
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In  the  continuous  system, 
one  rope  is  woimd  around 
the  driving  and  driven  pul- 
leys   several    times.     With 
this  system  it  is  necessary 
by  some  device  to  conduct 
the   rope   from   an  outside 
groove  of  the  delivering,  to 
the  opposite  outside  groove 
of  the  receiving  pulley,  this 
transfer  being  accomplished 
by  means   of   a   travelling 
tension    carriage    or   "jockey" 
produce  a  uniform  tension  tht 
and  is  so  arranged  as  to  trav« 
automatically   regulating    the 
occur  from  stretch  in  rope ,  inequ 

The  slack  should  be  taken  care  < 
lates  which  is  on  the  slack  side  i 
driven  pulley. 

This  may  be  done  in  two  ways: 
rope  from  an  outside  groove  of  thi 
sheave,  and,  after  passing  around 
opposite  outside  groove  oif  the  drive 
it  from  the  driver,  the  rope  beinj 
groove  which  is  a  loose  or  indepi 
tension  sheave  and  thence  returned 
groove  of  the  driver  piUley.  The 
ot  considerable  variation. 

The  continuous  system  is  especia 
and  quarter  turn  drives,  where  sha 
each  other,  where  rope  is  ejtposed  t 
any  special  case  of  compUcated  tra 

Pic.  S.<H2. — ContiDuaiB  votical  drive;  III,  Unaii 
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In  the  compound  wrap  system  both  the  driving  and  driven 
pulleys  have  accompanying  idlers.  The  rope  is  wrapped  several 
times  around  the  driver  and  its  idler,  thence  conducted  to  the 
driven  in  one  or  more  parts,  and  there  wrapped  as  before  around 
the  driven  and  its  accompanying  idler  as  shown  in  fig.  6,043. 
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Rope,  Sheaves  and  Grooves. 

-^The  pulleys  or  sheaves  are 
second  in  importance  Only  to  the 
rope  itself.  To  prevent  undue 
wear  of  the  rope,  the  sheave 
should  be  made  as  large  as 
practicable,  and  in  practice  the 
minimum  diameter  should  be 
not  less  than  thirty-six  times 
that  of  the  rope;  forty  diameters 
E  is  better.  The  use  of  large 
sheaves  not  only  increases  the 
life  of  the  rope  but  the  larger 
contact  surface  increases  the 
transmitting  capacity. 


Fio.  6,04*. — QnaiUt  W 
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In  regard  to  the  shape  of  the  groove  all  driving  and  driven 
sheaves  should  be  turned  with  a  wedge  or  V-shape  groove,  of 
such  size  and  depth  that  the  rope  can  never  touch  the  bottom. 
In  practice  the  best  results  are  obtained  with  an  ai^le  of  45°. 

Idler  or  carrier  pulleys  are  provided  with  V-ahaped  grooves. 

Since  in  the  continuous  system  the  rope  is  kept  taut,  it  is  not  so  ^t  to 
jump  from  the  groove  which  can  therefore  be  nutde  more  shallow  than  for 
the  multiple  system,  in  fact  many  drives  are  now  running  where  the  rope 
extends  beyond  the  flanges  of  the  grooves. 


a 


ansleci  groove  in  bothfiaure^  is  45*.  the  aid«aof  the  groove  in  fi£.  6,047  are  straight,  and 
those  ia  tig.  6,049  are  aits  of  circles,  having  isdii  proportional  to  the  diameter  ot  the  topes 
to  be  used.     The  sides  are  thus  curved  to  sssutb  the  rope  levolving  ia  the  groava,  a  oon- 


la  sought  by  the  piactical  mill  id 
Tig.  8,04».— Groove  for 


Owing  to  the  nature  of  the  continuous  system,  the  rope  necessarily 
revolves  in  the  groove.  In  the  construction  of  a  rope  sheave,  special  care 
must  be  taken  in  turning  the  grooves  to  secure  the  same  pitch  Hue  in  each  in 
order  to  avoid  creeping  of  the  rope.  In  badly  turned  grooves  this  slack 
or  creep  can  be  noticed  to  travd  from  one  groove  to  another;  while  in 
the  multiple  system  irregularities  in  pitch  line  are  shown  by  certain  ropes 
being  taut  upon  the  slack  side  and  slack  upon  the  driving.  This  feature 
however  may  exist  from  other  causes  than  variations  in  pitch  as  a  new 
rope  whitih  is  placed  upon  a  drive  with  older  ones,  being  larger  in  diameter, 
will  sometimes  run  in  this  manner  for  a  few  days,  imtil  stretched  to  the 
same  diameter  as  its  companions. 

/(  is  essential  thai  the  grooves,  be  well  polished  as  the  slightest  roughntss 
will  quickly  destroy  the  rope. 
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Transmission  Rope. — To  facilitate  computation  as  well 
as  for  convenient  information  for  transmission  rope  users,  the 
following  table  is  given: 

Properties  of  Transmission  Rope 


I 

•8 


IN 
IH 

m 
m 

2 

2Ji 
2M 


5625 
7656 
1 

1  2656 
1  5625 


8906 
25 

6406 
0625 

0625 
25 


1^ 
h 


21 

27 

.36 

45 

56 

68 

80 

92 

1  08 

1  40 

1  80 

2  20 


I 
I 


3,950 

5,400 

7,000 

8,900 

10,900 

13,200 

15,700 

18,500 

21,400 

28,000 

35,400 

43,700 


112 
153 
200 
253 
312 
378 
450 
528 
612 
800 
1,012 
1,250 


Length  of  Spiioe. 

{Mt 


C0 


6 
6 
7 
7 
7 
8 
8 
6 
8 
9 
9 
10 


•3 
ft 


8 
8 
10 
10 
10 
12 
12 
12 
12 
i4 
14 
16 


I 
8 


14 

16 
16 
16 
18 
18 
18 
20 
20 
22 


1 


28 
32 
36 
40 
46 
50 
54 
60 
64 
72 
82 
90 


III 
1 


760 
650 
570 
510 
460 
415 
380 
344 
330 
290 
255 
230 


Weignt  of  rope=  .34Xdiam.2 
Breaking  strength  =  7 ,000  X  diam .  ^ 
Maximum  tension — 200  X  diam .  ^ 


Diam.  smallest 

practicable  pulley = 36  X  diam . 
Velocity  of  rope  (assmned)  =5,400  ft. 
per  min. 


Horse  Power. — For  convenience  in  determining  the  horse 
power  that  single  ropes  of  different  diameters  will  transmit, 
the  following  table  is  given: 

Horse  Power  of  Manila  Rope 


!X 

Velocity.  FMt  p«r  Minute 

1 

1! 

I 

1.000 

1.000 

«.000 

«.aoo 

S,000 

8.800 

4,000 

4,800 

.6.000 

S,800 

tJM 

2.3. 

3.3 

4.3 

5.2 

6.0 

6.6 

7.2 

7.3 

74 

7.3 

6.9 

i 

8.0* 

4.5 

5.9 

7.0 

8.2 

9.0 

9.6 

98 

100 

9.6 

9.0 

4.0 

59 

7  7 

92 

10.6 

11.8 

12  7 

12  9 

13.0 

12.7 

12.0 

IH 

6.0 

7.6 

97 

116 

13.5 

14.9 

16,0 

16.3 

16.7 

16.5 

15.3 

i3 

6.3 

91 

12.0 

14  3 

16  7 

18  5 

200 

20.2 

207 

20.1 

18.fli 

7.5 

10.8 

14.4 

17  4 

20.0 

22.1 

23  7 

24.5 

24.6 

240 

22.3 

1^ 

9.0 

13.5 

17.4 

207 

23.0 

26.3 

287 

290 

29.5 

28.6 

26.7 

i^ 

10.5 

15.5 

20.1 

'24.3 

27.9 

308 

32.9 

341 

34.3 

33.3 

31.0 

1^ 

12.3 

18.0 

23.6 

28.2 

32.7 

36.4 

38.5 

39.4 

40.5 

,W7 

36.0 

2 

16.0 

23.2 

30.6 

36.8 

42.5 

46.7 

SOSi 

51.7 

52.8 

50.6 

47.3 

2H 

200 

29.6 

38.6 

40.6 

53.0 

59.2 

63.6 

65.8 

66.3 

64.4 

60.3 

2H 

25.0 

36.6 

47.7 

57  5 

66.0 

71.2 

78  0 

80.0 

81.0 

79.0 

73.8 
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Saft. — For  drives  where  shafts  are  at  different  elevations,  the 
sag  will  have  to  be  worked  out  in  each  particular  case ,  but  for 
horizontal  drives  the  approximate  sag  may  be  determined  by  the 

following  formula: 

Sag  on  driving  side  -""g''^^<_ff^^J^^_^''^>' (I) 


8X: 
The  asEtuned  tension  is  taken  a3  200Xdiam.* 


6,050  to  e.osz.- 


u  shown  from  the  fibre ' 


re  of  the  abaca  plant  of  tYe  Philippine  Islands,     ^or  email  < 


le  4  or  e  strand  with  Ct 


The  following  table  gives  the  sag  on  driving  and  slack  sides: 


^,"£i 

All  SptedE. 

Sa 

on  Sl..k 

,d. 

Vrlwily.Fwtper 

Min»>. 

4,001) 

4.5W 

30 

.19 

.45 

.39 

.36 

,33 

.30 

.69 

.53 

SO 

.53 

1.2 

1.0 

m 

.&4 

60 

.78 

1.8 

1.7 

1.4 

1.3 

1.2 

80 

1.4 

2.9 

2.5 

3.3 

2.1 

go 

1.7 

4,0 

J.5 

3.0 

2.7 

120 

3.0 

7.3 

6.2 

5,7 

5,3 

4.8 

S,9 

S.5 

78 

7.2 

€.a 

IGO 

5.4 

12.9 

11.1 

10,2 
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Pub.  6,053  to  e.OEfla.— Short  splice.  Untwist  the  strands  at 
IcnEth  of  aU  to  fifteen  inches  or  jnorc.  depending  on  the  siae  o 
tightly  together  as  in  &g.  6,053.  lajdng  each  strand  of  each  et 
ih-  nih«  «,d.  as  •trand  A.  is  bet-veen  strands  B  and  D;  C  b 
■-      "  "  ■    ■         ■' '       -■"  -impleov. 


'.TXl,^ 


rfthe  ol 


partieularly  the  way  in  which  this  knot  is 

not. "The  k'n™'brii«*al'l'pulSd  down,  the's"lice' ^pea ra" 

strand  of  the  left  rope  one  tuck  toward  the  right,  as  describi 

in  crownine  (fig.  S,D65].    The  splice  will  now  appear  as  shot 

of  the  other  three  strands  once  to  the  left.     The  splice  will  h< 

therefore  if  only  a  rcngh  job  is  desired  the  strands  may  now 

even  one  half  inch  from  the  rope-    If  a  nicelT  finished  job  b.   _._    __.    .. 

as  directed  for  fig. 6,05e  and  e.OMs  giving  the  result  shown  in  rig.  e,056<i.   . 

of  one  rope  are  woven  mto  the  othi- ' '--   "- ^-i--  -■ 

thickand  the  sj"      '      ■ 


s  willm 


Ln  through  pulley  blocks. 


It  one  place,  the  rope  at  that  place  is  six  strands 
erably  larger  than  the  original  cope,  hence  short 
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Figs.  6,068  to  6,064. — Long  splice.  I^  three  strand  rcpe.  Unlay  only  one  strand  of  each  rope; 
18  ins.  for  H  m.  rope;  24  ins.  for  14  in.  rope;  30  ins.  for  %  rope;  36  ins.  for  1  in.  rope,  etc. 
Lock  and  draw  the  end  of  the  ropes  tight  together  as  in  fig.  6,057,  having  the  single  strands 
A  and  B  side  by  side.  Taking  care  not  to  let  the  ends  of  the  ropes  separate,  unlay  strand  A, 
give  its  rope  one  turn  and  follow  it  with  strand  B .  Keep  B  twisted  up  tightly  and  pulle4  down 
firmly  into  its  place  (as  explained  for  relaying  fig.  6,010).  Continue  until  only  six  to  9  ins. 
of  strand  B  is  left  out  (ng.  6,058)  depending  on  the  size  of  the  rope.  Now  untwist  the 
two  pairs  of  strands  left  at  the  center  and  lock  them  as  in  fig.  6,059,  C,  between  D  and  P. 
and  P,  between  C  and  E.  Unlay  toward  the  left  strand  D,  and  follow  it  with  C,  as  was 
done  towar^l  the  right  with  strands  A  and  B.,  Do  not  mistake  and  unlay  F.  instead  of  D 
aoud  follow  it  with  C;  this  will  cause  trouble  if  done.  Continue  until  strand  C«  is  only  six 
to  nine  inches  long.  The  breaks  in  the  strands  are  now  separated  as  shown  in  fig.  6,060. 
Each  pair  of  strands  is  now  to  be  tied  and  the  end  of  each  strand  tucked.  Some  of  the 
'*■ — ids  will  be  too  long  as  at  1,  fig.  6.061.    Cut  all  strands  to  the  length  of  the  shorter. 
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Fics.  6,057  to  6, 06^.~Text  continued. 

Arrange  each"  pair  so  that  the  strand  from  the  left  is  in  front  of  the  strand  from  the  right; 
that  is,  arrange  the  strands  so  they  cannot  untwist  from  the  rope  without  first  uncrossing^ 
(see  2,  fig.  6,061).  Tie  an  overhand  knot,  as  at  3,  fig.  6,061,  and  pull  it  down  tightly  into- 
the  rope.  Each  strand  is  now  tucked,. as  at  4,  5,  and  6,  fig.  6,062,  in  the  same  way  as  for 
crownmg  (figs.  6,014  to  6,016).  At  6  (fig.  6,062),  untwist  each  strand  before  puUing^ 
down,  as  for  A,  in  fig.  6,015.  Tuck  each  strand  twice  more  (see  7  and  8,  fig.  6,063),  taper- 
ing the  ends  if  desired,  and  cut  the  end  one  quarter  inch  long  (as  at  9,  fig.  6,064).  With 
a  round  stick  pound  down  each  part  of  the  splice  and  roll  it  on  the  floor  under  the  foot. 
The  long  apltce  is  used  to  Secure  a  joint  not  so  bulky  as  the  short  splice,  and  one  that 
will  run  through  pulley  blocks,  the  strands  are  untwisted  for  a  longer  distance  and  the- 
splice  is  so  made  that  each  pair  of  strands  is  joined  in  a  separate  place  in  the  rope  instead 
of  all  at  one,  place..  In  a  three  strand  rope  the  greatest  number  of  strands  at  any  place- 
in  the  splice  is  four  instead  of  six  as  in  a  shut  splice. 
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100  foot  coil  ot 


m  the  fibre  of  the  _'|Abaca  Plant"  wluch 

at  rone,     "llustinre  vanea  m  tne  I „ 

cngth  is  I 


^_e  laUnds.  The  trunk  o£  this  plar\t>  raemblinR  tlie  t^nana  tf--. 
ig  leaves,  and  from  these  leaves  19  procured  the  ficrfl  so  wonderfully 
ts  of  rope.    This  fibre  varies  m  the  length  from  sii  to  tweiva  feet  and 


Is  against  each_  other  while  paBsina  over  the^  pullcya.  Further, 
ist  IS  essential  in  order  to  assure  the  rope  mBjntaining  its  proper 
To  accomplish  this^  the  fibres  when  making  tha  yama  are  first 


'.  rope  IS  less  than  %  inch,  or  where  the  rope  is  subject  to  much 
>  gives  excellent  results,  lending  itself  reaoily  to  abrupt  turns.  J 
d  an  strands  are  preferred;  being  more  nearly  circular,  and  of  g 
:  a  Jarget  surface  of  contact  in  the  groove. — American  lift-  Co. 


ROPES.  KNOTS  AND  SPLICES 


3,344 


ROPES,  KNOTS  AND  SPLICES 


^??yf?^;^^;^::?S=??g5:?:g;:^=5^g^^g?:^^^ 


^ 


sss 


Fig.  6,070  and  6,071. — How  to  renew  a  broken  strand.  Unlay  each  end  of  the  strand  9  to 
18  ins.,  depending  on  the  size  of  the  rope.  Proctire  a  new  strand  of  sufficient  length  and 
lay  it  in  as  directed  for  fig.  6,058.  Tie  the  strand  and  tuck  the  ends,  as  directed  tor  fies. 
6.061  to  5.064. 


*SS&&: 


Figs.  6,072  to  6,077. — Eye  or  side  splice  for  forming  an  eye  or  loop  in  the  end  of  a  rope.  Un- 
twist the  strands  of  the  rope  end  6  to  15  ins.  or  more,  depending  on  the  size  of  tne  rope. 
Select  as  No.  1,  the  strand  that  is  on  the  top  of  the  rope  and  in  the  middle  between  the 
other  two  strands.  Raise  a  strand  on  the  top  of  the  solid  rope  and  pass  No.  1  under  it 
diagonally  to  the  right  as  in  fig.  6,072.  Pull  it  up  securely.  ^  Turn  the  two  ropes  over 
to  the  position  shown  in  fig.  6,073.  Raise  the  next  strand  on  this  side  of  the  one  first  raised 
and  tuck  No.  2  under  it  away  from  the  body  as  in  fig.  6,073._  When  the  marline  spike 
is  inserted  for  this  tuck,  it  comes  out  where  strand  No.  1  went  in,  as  shown  in  fig.  6,072. 
Turn  the  ropes  back  to  their  original  position  (fig.  6,074) .  Strand  No.  3  ««  now  to  be  tucked. 
This  strand  is  inserted  at  the  place  where  No.  1  comes  through,  as  sftown  in  fig.  6,074;  it 
comes  out  where  No.  2  starts  in,  as  ndicated  in  fig.  6,072  where  the  spike  is  shown  inserted 
for  tucking  No.  3.  Pull  the  splice  up  firmly  and  then  proceed  to  splice  the  ends  into  the 
'^'^Ud  rope,  as  shown  in  figs.  6,075  to  6,077,.  in  precisely  the  same  manner  as  was  explained 
figs.  6,014  to  6,016.    Pound  the  splice  and  roll  it  under  the  foot. 
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L  shafts  to  give  sufficien 
as  (he  twins.  M,  M.  c 
m  out  together  on  the  V 


A ,  tie  d 
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Transmission  Rope  Splicing. — At  least  95%  of  the  troubles 

complained  of  in  rope  drives  are  directly  caused  by  bad  splicing 
notwithstanding  that  to  make  a  proper  transmission  splice  is 
a  very  simple  operation,  the  idea  having  once  been  grasped. 
The  essential  points  in  a  transmission  splice  are; 

1.  Its  diameter  must  be  the  same  as  that  of  the  original  rope. 

2.  It  must  be  smooth  and  free  from  lumps. 

3.  The  original  lay  of  strands  and  yams  must  be  distiirbed  as 
little  as  possible. 

4.  Where  the  several  strands  are  rejoined,  each  fastening 
or  "tuck"  should  be  so  made  as  to  prevent  its  wearing  away  and 
the  rope  unstranding. 


Pio.  6,080.— English  transmission  aijlice  HI.     Tha  pair  of  strands  1  and  3  having  b«n 
T^^a.  they  meet  at  point  B."  The" two  pairs  ol  strands  Z-"?™™!  5-7  aro  naw  srj^raWl 

paoion  fitranda  are  ready  to  be  fastened  together  and  lucked. 

The  English  transmission  apHce  is  considered  the  best  spiice  known  and  is 
the  one  here  described,  the  example  taken  and  illustrated  in  the  accom- 
panying cut  being  a  four  strand  rope  l?iins.  diam.  as  spliced  on  sheaves 
in  the  multiple  system. 

In  splicing,  when  trtcking  the  half  strands  through  the  rope, 
be  carefiil  not  to  split  the  core.  A  wooden  marlin  spike  or  "fid" 
is  less  apt  to  do  this  than  one  made  of  metal,  and  is  preferable 
for  spUcing  transmission  ropes. 

In  tucking  the  half  strands  one  about  the  oiher,  not  less  than 
■ee  or  more  than  five  turns  should  be  made. 
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When  dividing  a  strand  let  the  cover  half,  which  is  left  be- 
hind at  the  lock,  contain  several  more  yams  than  are  in  the 
half  strand  with  which  the  tuck  is  to  be  made,  in  order  that  the 
hand  made  knots  shall  not  be  larger  than  the  original  machine 
laid  strand.  When  tying  half  strands  do  not  make  the  first 
knot  midway  between  the  "locks,"  but  tie  close  to  the  cover 
yams,  and  securely  lock  the  first  half  strand  before  beginning 
to  wind  the  second  one  about  it. 


«1uh  transmission  splice  IV.    The  operation  of  tu-kins  is  described 
method  being.  idsnticBl  tor  the  other  three  pairs.  .  In  fig.  6.081 

:  ends  of  interior  yarns  3"  and  7'.     Now,  leaving  cover  3.  relay  ST 
join  with  simple  knot  2'  and  7'  as  in  fig.  0,OS2. 
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Wben  ropes  are  to  be  taken  up,  do  not  cut  out  splice,  unless  there  be  ample 
slack  to  aJlow  for  an  entire  new  one.  The  English  splice,  when  well  made 
can  be  "backed  out"  with  very  little  loss  <rf  rope. 

Old  ropes  when  taken  up  should  not  be  spliced  on  sheaves  as  taut  as 
when  new.  When  splicing  ia  the  Continuous  System,  do  not  draw  ten- 
sion carriage  to  extreme  end  of  track;  allow  short  distance  for  contraction. 


e,DS3  Bid  6,0S1.— English  transmissisn  splice  V.     Divide 

....jugh  them,  conf         '   '■  '      ■'     ' 

the  core,  thus  lockii 

ia  slightly' 


through  them,  continubs  on 

itrand  7'  must  now  bo  Uken  care  of.     At  the  right  of  the  In 


is  tucked  until  coier  2  Li  reached,  whose  yams  otb  divided  and  7'  passed  throuth  them 
and  drawn  under  the  two  adiat:cnC  Etrands.  forming  again  the  lock.  The  strand  ends  at 
bothlocksarenowcut  off.  leaving  about  2  ins.,  BO  that  thj  yarns  may  drawBliBhtly  with- 
nituiilockinj.,  Thi3coui[i1eIcsthBJoinIa|iofDnepaiTof  Gtrands(lig.6.0,S4).     llieremiiin- 

of  yania  preserved,  the  diameter  of  the  rope  will  not  bo  incTHiswi,  nor  tan  the  tplkc  be 
'■Kaled  when  ropa  is  in  motion. 
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Wire  Ropes. — If  made  flexible,  ttat  is,  with  a  hemp  core  to 
each  strand  and  a  central  hemp  core  to  the  rope  itself  as  well, 
wire  ropes  will  stand  a  strain  in  lbs.  approximately  equal  to 
the  squaie  of  the  circumference  in  inches  multiplied  by  600. 


lite  from  t\ 

factory.     Wbera  many  ropes  sre  to  be  itistalled  on  largt 

placed  on  both  afienves  et  the  point  where  the  rope  enters  this  groove,  and  as'SiVah™'' 
aro  slowly  revolved,  the  rope  is  forced  into  the  second  grooves.    The  wedgea  s™  in  turn 
removed  tothaeeeond  groQvea.and  while  the  neit  rope  19  being  sprung  in  place  in  the  firat 
Si™vea,by  the  revolvineof  the  sheaves  the  first  rope  ia forced  into  the  third  ,  ~  ■ 

process  la  continued  ustu  the  first  rope  has  reached  the  middle  groove,  when 


.y  bo  spliced  in  practically  the  s 
tionatety  lonRcr  for  larger  wires. 


And  unlaid  as  with  ro.    ,  ,.., 

spOTtdiaff  Etrand  from  the  other  is  laid  in  its  place;  each  meeting  po 
■tied.andtlieends  cut  off  to  a  similar  length.    Care  must  be  taken  tl 


I  marlred  off,  tied  w 


ld>  stop  well  short  of  tho  preceding  ones.    When 
B,  tlie  rope  should  be  taken  to  a  vise  and  uni 


■tfaods.    Aa  the  mpe  opens,  an  assistant  with 

allowed  Xa  doat  on  itself,  tuid  untwisted  further  aiong,  pulling 


"by  hand  beyond  th 
nust  cut  the  core,  J 

These'opcrations  are  perfon 


at  th«  BpHoed  pomta  to  make  all  he  smooth.  Some  seamen  simply  tueSthe 
ceotre  and  ont  the  other  side,  cutting  the  protruding  wires:  this,  bowc 
finished  method  aa  the  first  described. 
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That  is  to  say,  a  rope  termed  "three-quarters,"  that  is,  with  a 
diameter  of  about  ^  inch  and  a  circumference  of  2^  inches,  will 
stand  safely  3037. 5  lbs. ,  havingthena  factorof  safety  of  seven. 
Wire  ropes  need  to  be  kept  clean  from  rust ,  etc . ,  and  should  be 
lubricated  when  running;  graphite  being  as  good  as  anything. 
Once  a  month  the  rope  requires  to  be  carefully  oiled  with  raw 
linseed  oil,  well  rubbed  in. 

So  called  flexible  wire  ropes  should  not  bt  worked  around  a  sheave  or  drum 
having  a  less  diameter  than  six  times  the  girth  of  the  rope;  harder  and 
Etronger  ropes,  such  as  are  used  for  winding  from  great  depths,  should  not 


Pig.  fl.C««.— Tools  requifed  lor  spluMiw  -uc  iuikb. 

pass  over  any  wheel  o£  a  less  diameter  than  ten  times  the  girth.  The.  smaller 
figures  are  for  ropes  worked  at  a  slow  speed  only;  for  each  increase  in  speed 
the  pulley  ^ould  also  be  enlarged.  This  must  specially  be  inasled  upon 
with  elewUors  and  Ufts,  in  which  case  itis  advisable  to  exact  ten  as  a  minimum 

How  to  Splice  Wire  Rope.— The  accompanying  series  of 
cuts  illustrating  the  spHcing  of  wire  rope  are  from  photographs 
■•Jcen  during  the  splicing  of  a  one  inch  diameter  regular  lay 
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rope,  with  six  strands  and  a  hemp  center,  and  are  intended  to 
cover  every  part  of  the  work.  1 

The  making  of  rope  splices  at  mines,  and  other  places  of  op- 
eration, is  usually  intrusted  to  men  who  possess  some  mechan- 
ical skill  and  facility  in  handling  tools.  It  follows,  as  a  matter 
of  course,  that  the  higher  the  degree  of  skill  and  care  employed, 
the  more  satisfactory  will  be  the  result,  and  it  would,  therefore. 


Pia.efiSJ. — Splitlng  win  Ropft,  1.  Messuic  back  f roi 
ri;..,.,.™  nf  t,.n  f«.t.     At  these  points  bind  pieces  "f  =■ 
B  further  back.     The  distan 


filiabtlv  dedreaaedi  and  with  those  laracr 
»ble.    .*'—  -'"  -"'-  ■-   -  "---  "-   --■ 


Upon  smaller  ropes  the  distance  may  be 


three  alternate  stianda  at  each  end  back  to  these  binding  wires.  It  is  important  '.  ._.  .__ 
atrandaehaiild  be  alternate,  that  ia,  if  we  assume  them  numbered  in  Teaular  order  from  No.  1 
lo  No.  8  and  No.  I  ia  unJaid  first,  the  ncit  to  be  unlaid  should  belJo.  3  and  not  No.  2, 

be  well  for  those  who  are  entirely  lacking  in  experience  to  make 
one  or  two  practice  splices  before  attempting  to  splice  a  rope 
which  will  be  subjected  to  severe  conditions  in  actual  use. 
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Fig.  0,090. — ^^elng,  4.  itnnsthe  two  ends  of  the  topa  tbuB  prepared  face  to  tsce.  so  that 
the  corrcBpoiulinB  Gtiandfi  for  etLCb  end  interlock  regularly  with  each  other  ia  a  toamier 
■imilar  to  that  in  which  the  fiagen  will  uteclDck  when  those  of  one  hand  are  pushed  between 
those  of  the  other.  Each  of  these  strands  must  be  laid  into  the  rope  for  its  full  lenBth  bh 
illustrated  tn  the  cut  following.  Temporanr  bindings  of  wire  should  be  made  around  the 
(tcands  where  tber  interlock  to  hold  them  m  position  for  the  subsequent  opentions. 


Pta.  fl.OOl. — Sptieing,  B.  Unlay  any  one  sttBud  A.  and  follow  up  with  strand  No.  1  from 
the  other  end.  keeping  it  tightly  in  the  open  groove  left  by  the  unwinding  of  A,  makdnfF 
-the  twist  of  the  strand  agree  with  the  lay  of  the  open  groove. 
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If  the  first  effort  fail  to  produce  a  good  result,  a  review  of 
the  work,  comparing  it  with  the  illustrations  and  instructions, 
will  show  where  the  mistake  was  made  and  indicate  what  must 
be  avoided  in  the  future. 

Before  taking  up  in  detail  the  subject  of  splicing,  attention 
is  directed  to  the  following  information  of  a  general  character 
bearing  upon  the  subject  of  wire  rope. 

The  standard  wire  rope  consists  of  sis  strands  twisted  around  a  hemp 


oeth  to  Nd.  1.     This  length  Bhimld  be.  fori 

.,, .  ,ra  smaller  Tope  this  pjay  bo  slightly  demawd 

and  for  a  laiser  diameter  an  increased  l«n£th  ia  desirable. 

center.  This  arrangement  affords  the  most  convenient  and  compact 
form,  but  it  may  be  varied  for  special  purposes,  and  four,  five,  seven,  eight 
nine,  or  any  reasonable  number  of  strands  utilized. 

When  the  wires  and  strands  are  twisted  in  the  same  direction,  the  ropa 
is  known  as  a  ]ang  lay ,  and  when  in  the  opposite  direction  it  is  known  as  a 
regular  lay  rope.  A  wire  strand  is  sometimes  used  instead  of  a  hemp  cen- 
ter. This  adds  somewhat  to  the  strength  of  the  rope,  but  it  causes  it  to 
wear  more  rapidly  and  its  use  is  not  generally  advised. 
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m. — Spltclng,  7.    Unlay  another  strand  in  the  Bame  manner  that 

.     done  with  strand  No.  1,  stopping,  however,  back  of 

'■    ■        '3  should  be  cut  off  as  A  was  cut,  !eavini{  1 


cribed.    There  noii 


ntbe  first  three  strand- 
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PHOJECTING  END 


>S, — SpUcInt,  It.   Place  the  rope  in  B  vise  at  one  of  the  pgiati  wbeie  the  Mids  eiteiid 
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Pig.  OMT.—Splletne,  11.  Bind  a  ihort  pices  of  hemp  rope  around  the  wire  rope,  ab- 
fifteen  inchea  back  of  the  vise,  bo  SBto  make  a  sliao,  and  insert  stick  in  toop.  Pull  the  t 
ol  the  stick  so  that  the  wire  rope  will  be  untwisted  between  the  vise  and  the  stick. 


Fic.  6,00a.— Splitting.  11.     The  rope,  by  means  of  the  stick,  may  be  untwisted 

that  the  end  of  tire' strand  which  is  to  be  laid  in,  has  been  bent  back  t^rd  tV 
this  end  must  follow  the  twist  of  the  rape  and  occupy  the  space  left  vacant  by  ' 
of  the  hemp  core,  the  end  itself  should  have  some  tendency  to  twist  in  the  propi 
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The  strands  usually  consist  of  seven,  twelve  or  nineteen  wires  each. 
These  wires  are  drawn  from  iron,  cast  steel,  plough  steel,  blue  center 
steel  and  occasionally  from  copper  and  bronze.  Tlie  various  Idnds  of 
rope  are  manufactured  for  use  under  conditions  to  which  they  are  best 
adapted,  and'  while  their  use  is  not  always  restricted  to  these  conditions, 
better  satisfaction  is  given  where  they  are  considered.  For  this  reason, 
if  any  doubt  exist  as  to  the  size  or  style  of  rope  required,  it  is  well  to 
write  to  the  manufacturer  for  advice  brfore  ordering. 

If  a  rope  be  received  upon  a  reel,  the  latter  should  be  moitnted  upon  a 
spindle  or  turn  table  and  the  rope  then  run  off.    If  slipped  in  a  coil  it 


fio.  6.099.— !?p«cInB,  II,    After  the  liemp  core  has  heeo  cut.  i 
diatAnce  equal  to  the  leo^h  of  the  projecting  end  d  the  stran 

should  be  rolled  along  the  ground  like  a  wheel  or  hoop  and  not  unccnled 
like  a  hemp  rope.  Be  eareful  to  have  the  drums  and  sheaves  for  wire 
ropes  of  sufficiently  large  diameter. 

Many  ropes  fail  to  give  satisfaction  through  running  at  high  rates  oi 
speed  over  small  drums  and  sheaves.  It  is  also  important  to  keep  the 
surfaces  of  the  drums  and  sheaves  smooth  and  free  from  any  projections 
which  would  tend  to  cut  or  wear  the  wires.  When  ropes  are  used  for 
ship's  rising,  derrick  guys ,  or  imder  similar  conditions,  involving  continued 
exposure  to  the  elements,  the  wires  are  frequently  galvanized. 

Ropes  subjected  to  constant  bending  around  drums  and  sheaves  are 
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Pic.  G.IOO.—SpllcU 


ployed  in  movina  the  a^lce,  the  offier  h^nd  holding  Ihe  end  of  tie  strand  should  lay  tt 
tad  into  the  opening,  aa  indicated. 


Pw.  6.101  .-T^WelnffrM-  The  illust.... 
been  laid  in ,  Tbe  end  still  pro  jectinB  m 
dinction.    Thii  ahould  ba  repeated  at  t 


3,360  ROPES.  KNOTS  AND  SPLICES 


tOclng.H.   Afterat . 

dowa  wiy  iasaiulitie*  with  tho  wooden  malleti.      , , 

h  win  bo  impoonble  to  detect  after  the  rope  bu  been  lunuiiic  a  day  or  ti 


,  a  lubricsnt  free  from  adds  or 


and  is  a  lai^e  factor  in  the  life  of  a  wire  rope.  The  lubricant  should  be 
(me  that  wiO  penetrate  the  strands  and  not  run  oS  or  drip.  Its  appUca- 
tion  should  bo  frequent,  and  in  most  cases  the  spaces  between  the  strands 
ot  a  wire  rope  should  be  gradually  so  filled  that  the  rope  eventually  presents 
the  appearance  of  a  round  iron  bar. 

In  general  it  should  be  remembered  that  wire  ropes ,  and  especially  those 
used  lor  hoisting  and  transmission  purposes,  should  have  a  liberal  margin 
'Ti  the  side  for  safety.     Proper  care  and  attention  will  render  a  rope  less 


It  is  sometimes  a  costly  error  to  assume  that  a  rope  is  cheap  because  it 
sells  for  a  low  price.  Its  value  is  measured  by  its  service,  and  the  amount 
saved  in  the  purchase  of  an  inferior  rope  ma^  be  lost  many  times  over  in 
an  attempt  to  repair  the  damage  caused  by  its  failure. 
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tSi.'- 
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barometr 
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n 
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2.056. 
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B 


Back  pressure,  condenser,  3,105. 

valve,  ills.,  2,062,  2.064,  2,066. 
Ba^er  spray  nozzle,  ills.,  3,188. 
BafiOe  toxigue,  hot  water  heating,  2.076,  2.077. 
Baffling  condenser,  3,100,  3,110. 
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8.208. 
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3,103. 
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{pressures,  condensers,  3.100. 
Bastard  condenser,  3,133. 
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Bight,  ropes,  def.,  3.304,  3,314. 
Bilge  syphon,  3.168. 
Bi^Qop  and  Babcock,  vacuum  trap,  steam, 

ills.,  2,945. 
Bishop-Babcock-Becker,  pump,  ills.,  2,991, 

2  992. 
Blackwell  hitch,  rope,  3,306,  3,322. 
Block(s),  and  fall  hoists,  ills.,  3,281. 
and  tackle,  ills.,  3.288. 
hoists,  3.286-3,289. 
sheave,  3,286. 
snatch,  ills.,  3.287. 
Boiler,  damper  regulator,  iUs.,  2.932. 

design,  ills.,  2,902. 
Boiler,   heating,   atmospheric .  pressure  sys- 
tems, ills.,  2.932,  2.037,  2.039. 


Boil«r,— CoN<«fnMd 

range,  connection,  3,009* 
steam  heating,  ills.,  2,918-2.033. 

vacuum    system,    excess    ];>ressure, 
ills.,  2,040,  2,050. 
Bonnet,  pipe  fitting,  2,^0.  • 
Boscovich  atomic  theory,  condenser,  3,009. 
Bowline,   knots,    ropes,   ills.,  3,305,  3,312- 
.  3,314. 

Boynton,  furnace,  hot  air,  ills.,  2,012. 
Brake,  a^anei  3,260-3.272,  3.208. 

mechanical  load,  iUs.,  3,270* 
rheostatic,  3,272,  3.274. 
electro-dynamic,  3,298. 
electro-magnetic,  3.269. 
electro-mechani(^,  3,298. 
elevator,  electric,  9,232,  3.234. 
hoist,  3.298. 

magnet,  elevator,  ills.,  3,232. 
telpher,  3,298. 
Brand,  ills.,  pipe  fitting,  2.830,  2.855-2.860. 
elbow,  pipe  fittings,  double,  2,831. 
tee,  2.830,  2,856-2.859. 
Branding,  pijpe  fittings,  2.836. 
Brass  pipe,  fittings,  2,835. 

power  plant,  2,800. 
Brakes,  vacuum,  condensers,  3,117. 
Brick  chimney,  heating,  ills.,  3,005. 
Bridge  crane,  3,260,  3,265. 
Briggs  standard,  pipe,  sizes,  2,822. 
taps,  drill  sizes  €dr,  2,886. 
thread,  ills.,  2,822,  2.837. 
Brine,  agitator.  3.017. 

blowing  on.  evaporator,  3,164. 
circidation,   refrigeration,  3,021,  3.022, 

3,023. 
tem];>erature  table,  3.081. 
transmission  system  refrigeration,  3.076. 
Broken  strand,  rope  splicing,  renewing,  ills., 

3.344. 
Brunswick,  compression  system  refrigeration, 
3,020.  .     . 

dairy  refrigeration  .plant, 'ills.,  3,085. 
ice  making  machine, -ills.,  3.084. 
marine  refrigeration  plant,  ills.,  3.091. 
Bucket  valve,  ills.,  3.157. 
Buildings,  heat  loss,  2.985. 

heating,  various  methods,  2.011. 
Built  in  contra-flow  surface  condenser,  ills.* 
3.140. 

Bull,  head  tee,  j>ipe  fitting,  2,830> 

wheel  derrick,  3,274. 
Burhom  cooling  towers,  3,108-3200.. 
Burrs,  pipe  fittings,  removing,  method,  ills., 

2,867,  2.868. 
Bursting  pressure,  pipe,  2,826. 

screwed  fittings,  2,808. 
Bushing,  pipe  fitting,  2,830. 

pil>e,  ills.,  2,848. 
By  pass,  hot  water  heating,  ills.*  2,073. 

plunger  elevator,  3,220. 

refrigeration,  ills.,  3.028* 

trap,  steam  heating,  iUs.,  2,022. 

valve,  refrigeration,  ills.,  8,028. 
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III 


c 


Cable,  elevator,  3.244-3,240. 

shackle,  hoisting,  3,292. 
Cableways,  3.298,  3,300. 
Cfdor  element,  electric  heating,  2.982. 
Cam  refrigeration  plant,  ills.,  3.017,  3.091. 

dumper,  ills.,  3,094. 
Canal  boat,  condenser,  3,133. 
<ZB,Pt  pipe,  various,  ills.,  2.861. 
Cair,  ehwrrtor,  B.212,  3.213,  3.222. 

crane,  stopping  between  floors,  3.258; 
Carbondale     rorigerating     systems,     ills., 

3.064,  3.065. 
Carbonic  add  rrfrigeration,  machine,  3.086. 

system,  3.002. 
Card,  weight  pipe,  2.830. 
Camck  bend,  def .,  3.305,  ills.,  3.306. 
Cast,  iron  pipe  fittmgs,  2.834. 

steel,  pipe  fittings,  2,835. 
Catspaw  knot,  3.323. 
Cement,  heat  loss,  2,987. 
Central  condenser,  iUs.,  3,124. 
Centrifugal  air  pump,  3,150,  3.151,  3.158. 
Chain(s),  and  chain  fittings,  crane,  3.291- 
3.299. 

deoatorSf  des.,  3.247. 

compensating,  ills.,  3,255. 

hoists,  3.281. 

lubrication,  3,294. 
Chaser  die,  pipe  threading,  ills.,  2,877-2,885. 
Check  valve,  refrigeration,  3,059. 
Chinese  windlass  hoists,  ills.^  3,283. 
Chip  space,  die,  pipe  threading,  ills.,  2,878. 
Circulation,  pump,  distiller,  3,164. 

brine,  rdFrigeraticn,  3,021, 3,022. 

cooling  ponds,  3,180. 

water,  hot  water  heating,  ills.,  2,972, 
2.973,  2,975. 
Circus  hitch,  3.319. 
Clam  shell  grab,  3,277,  3,278. 
Clearance,  crane,  3.297. 

die^  pipe  threading,  ills.,  2,878,  2,879. 
Close  mi>ple,  pipe  fitting,  2.830. 
Clothel  refrigerant  contamer,  3.078. 
Clove    hitch,    3,306,    3.307,    3.816,    3.318, 

3.319. 
Clutch  crane,  3.262. 
Coal,  bunker,  marine  boiler,  ills.,  2,902. 
Coills),  evaporator,  ills.,  3.161,  3,167. 

pifct  pitch  angle,  ills.,  2.854,  2,855. 
return  bend,  ills.,  2,854,  2.855. 

r^frigerationf  cleaning,  3,058. 
condenser,  ills.,  3,034. 
expansion,  3,016,  3,017,  3,022. 
freezing,  3,018,  3.034. 
generator,  3,052. 
Coiling  ropes,  method,  ills.,  3,301. 
Cold  air,  method,  refrigeration,  3,024. 

box,  hot  air  heating,  3,003. 
Collector,  crane,  gear,  3,273. 
Column  crane,  3,260. 

Combined,  counter   and  parallel  flow  con- 
denser, ills.,  3.116,  3.117,  3.119. 


Ccimhin9df-^ontmu€d 

rotary  and  rectilinear  crane,  3.266. 
steam  heating  system,  ills.,  2.939,  2.941. 
Combustion  chamber,  furnace,  hot  air,  2,912. 
Compensating  chains,  elevators,  ills.,  3,255. 
Compression  refrigeration,  plant,  3,020. 
system,  ammonia,  3,015,  3,021« 
charging,  3,036. 
drv,  3,026. 
ether,  3.088. 
mechanical,  3,015. 
operation,  Vilter,  3.037--3,042. 
wet,  3.026. 
Compressor^)    refrigeration,    3.017,   3.027- 
3.030. 
Kroeschell,  ills.,  3.083. 
marine  type,  iUs.,  3.083. 
parts,  3,027. 
York,  ills.,  3.027. 
Condensate,  piping  for,  ill».,  2,902. 

purnp^  ills.,  3.155. 
Condensation,    atmospheric    and    vacuum, 
heating  systems,  ills.,  2,940. 
pump,  boiler  return,  2,959. 
steam     heating,    atmospheric     pressure 
system,  ills.,  2,932.. 
boiler  return,  ills.,  2.955,  2.959. 
riser   and    main    connection,    ills., 

2.921-2.923. 
system,  removal,  2.964. 
Condenser(s),  3.009-3.158. 
action  of,  iUs.,  3.135. 
air  pump,  3,154. 
Alberger  barometric,  ills.,  3,124. 
ammonia,  refrigeration,  3,032,  3,035. 
atmospheric,  3,110. 
automatic  vacuum  breaker,  3,117. 
back  pressure,  3,105. 
baffling,  3,109,  3,110. 
barometer,  mercury,  ills.,  3.100,  3,103. 
barometric,   ills.,    3.121,    3,122,    3.123, 

3.124,  8.129,  3.130. 
bastard,  3,133. 
canal  boat,  3,133. 
central,  ills.,  3.124. 
classification,  3.109^  3.110. 
coils  refrigeration,  ills.,  3.034. 
combined  counter  and  parallel  flow,  ills., 

3,116,  3,117,  3.119. 
connected  with  blowing  engines,  3.124. 
contraflow,  ills.,  3,140,  3.141. 
des.,  ills.,  3,142. 
double,  ills.,  3,135,  3,144. 
packing,  ills.,  3,138,  3,139. 
section  through,  3,135. 
spacing,  3,143. 
tubes,  3,138. 
cooling  stmace,  3,143. 
counter-flow,   ills.,  3,110,  3,115,  3,119, 

3.120,3,129,3,142. 
design,  3,139,  3.143. 
direct  contact^  3,110. 
double  tube,  ills.,  3.135,  3,136,  3,144. 
economYin,  3,105-3,100. 
Erhart  induction,  ills.,  3,127. 
exhaust  injector,  3,125. 


IV 


INDEX  OF  GUIDE  m.  7 


Condmnmmt(m),—Conti»U4d 
failure  to  work*  3,105. 
function  of,  8,105. 
feed  water  installation,  ilia.,  8,122. 
high    level,    ills.,    8.120-3,122,    8,128, 

3.180. 
hot  wril,  3.121. 
inboard,  3,110,  3,134. 
indicator     caxds,     condensing     engine, 

3,103. 
induction,  ills.,  3,125,  8,127,  8,128. 
injector,  diag.,  3,120. 
jet,  counter-flow,  ills.,  8,115. 

flow,  counter,  parallel,    combined, 

ills.,  3.116. 
ills.,  3,110-3.112. 
low  level,  ills.,  3.108,  3,114. 
operation,  3,123. 
parallel  flow,  3.108,  3418. 
ptmps,  8,145. 
kael,  3,110,  3,131-3,134. 

author's  method  of  loeating  air 
pump  below  oondsener  outlet 
for  steamer  Stornowajf  it, 
ills.,  3,131. 
construction  details,  steamer  Star- 
noway  i,  ills.,  8133. 
faulty  installation  in  steamer  Star- 

noway  i,  ills.,  3,132. 
ordinary,  made  ef  standard  pipe  and 
fittings,  ills.,  3,134. 
Koerting,  induction,  ills.,  3.128. 
low  level,  combined  cotmter  and  parallel, 
ills.,  3.119. 
jet,  ills.,  3.108,  3.112,  3.114,  3,144. 
Marks,  tube  spacing,  3.143. 
Miller,  double  tube,  ills.,  3,135. 
Newcomen's  engine,  3.105. 
outboard,  3.132. 
parallel  flow,  3,110,  3,113,  3.119,  8.120, 

3,122. 
pressure,  barometric,  8,100. 

drop.,  3.139. 
pumps,  3,144-3,158. 

air,     3.111-3.113,     3.116,     3.117, 
3.146^  3,155. 
centrifugal   entrainment,    ills., 

3.150. 
diag.,     3.112,     3.116,     3.117, 

3.120,  3.148,  3.152. 
ejector,  ills.,  3.152,  3.153. 
low  level,  3,144. 
marine  engine,  3.146,  3.156. 
rotary,  ills.,  3.153. 
spiro  hurling  entrainment,  ills., 
3.151. 
steam  jet,  ills.,  3.152,  3.153. 
surface,  3,154,  3.155. 

wet,  ills.,  3,147,  3,148,  3,157. 
feed,  8,146. 

independent,  3.124,  3,125. 
jet,  pumps,  3.145. 
lift,  vacuum,  ills.,  3,104. 
location,  3,131. 
r^geration,    ammonia,     ills.,     3,058, 
3.071. 


CondMia«r(a).  rmfrigmrmiton, — Continued 
double  pipe  type,  8,017,  3,055. 
oil  in,  3.035. 

open  air  evaporative,  3,063. 
pipe  cleaning,  ejector,  ills.,  3,075. 
removing  air  and  gases  from,  3,071. 
standard  comp.  system,  iUs.,  3,016. 
submerged,  3,063. 
saving  due  to,  3,103-3,109. 
shells,  designing,  3,139. 
single  tube,  ills.,  3,136,  8,188. 
spray  valve,  3,125* 
standard,  double  and  single  tube,  ills., 

3,186,  3,138. 
steam  heating,   vacuum   system,    ills., 

2,956. 
stopping,  3,128,  3,125. 
steamer,    "Stornaway   F'  installation* 
ills.,  3,181-3,133. 
StornouMK^  it,  inst.,  ills.,  3,131. 
stuffing  boxes,  ills.,  3,188. 

surface,  3,110,  8,131,  8,132,  3' 136, 
3,155. 
use  of,  3,105. 
vacuuin,  3,099-3,105,  3,111-3,113. 

breaker,  3,117,  3,119. 
valve,  Gutermuth,  ills.,  3,149. 
water  worlo,  iUs.,  3,143. 
Watt,  8,132. 

Weiss  high  level,  ills.,  8,129. 
wet  air  pump,  3,112,  3,118,  8,116,  3,117, 

3.147. 
Wheeler,  ills.,  3.112,  3,114,  3,143. 
Condensing,  economy  in,  3,105^,109. 

engine,  automatic  cut  off,  3,106-3,108. 
saving  due  to,  3.103-3.109. 
Congealing  tank,  refrigeration,  3,022,  3,024. 
Container,  refrigerant,  3,078. 
Contra-flow  surface  condenser,  built  in,  ills.r 

3,140,  3,141. 
Controller(s),  crane,  3,273. 

continuous  operating,  ills.,  3,226. 
direct  current,  8,241. 
elevator,  belt  driven,  iUs.,  3,236. 
fuU  magnet  d.  c,  3,240-^,P42. 
high  speed.  3,240. 
mechanical,  3,236,  3,237. 
non-reversible,  3,238. 
reversible,  ills.,  3,239-3,243. 
slow  speed,  3,239. 
shipper  cable,  ills.,  3,237. 
switch,  3.240. 

wheel,  elevator,  ills.,  3,237. 
Cooler,^  refrigeration,  3,050. 
Cooling  ponds.  Badger  spray  noszle,  3,188. 
circulation,  3,180. 
deep  spray,  ills.,  3,187. 
drift  loss,  3,180. 
earthen,  3,188. 
evaporation  rapidity,  3,183^ 
fire  protection,  8,187. 
flow,  directed.  3.181. 

natural,  ills.,  3,180. 
latent  heat,  3,195. 
natural,  ponds,  3,181. 
flow,  ills.,  3,180* 
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r.  capacity.  3,180. 
Ion.,  3,1S8. 
■uffsce.  candensei,  i 
»wer(s),  Bauer,  ill..,  3 
wm,  ills.,  3,108-3,200. 


Counter  weightfs),  elevator,  3.S54. 

Coupliaa,  pipe  fittinga,  ills.,   2,830, 
2,841. 


c  brake,  3.269,  3.371, 

brakt,  eddy  curmit,  3,272. 

electnc.  3.270. 

elsctro-iii(«netiG,  3,209. 

mechamcaTload,  ills.,  3,270. 

Iheoatatic,  a.272. 
cable  BhacUe,  ills.,  S.292. 
cablsH'syB,  3,300. 
car,  cnMration,  3.258. 
cht^Ca),  and  chain  fitting!,  illi.,  3, 
3.294. 

lubrication,  3.294. 


d  rectilinear,  3,206. 


conuoi,  rcHeneraavr 
controllers,  3.273. 
current.  3,297. 
cylinder,  water,  ilia. 
denick,  3,200. 
description,  3,25S. 


load,  3.268. 
srapples,  ilia.,  3.292. 
iaoA  power,  ins.,  3.260,  3.261. 
hydraulic,  iUs.,  3.264. 
inclined    brace.  3.205. 
Jib,  ilia.,  3.260.263, 3.265, 3.269, 3.273. 
locomntive.  8.261.  3,202. 
maiine,  ills.,  3.271. 
makamical,  brake.  3.2T1. 

load  brake,  iUi.,  3.270. 
MoMrlJ).  3.268.  3.209. 

Shair,  ills.,  3,269. 


Nile^  ill!.,  3.270. 
Nortbem.  ilk 
tiUatj  3^61. 


ills..  3,260. 


3.2S9,  3.26S. 
ntrol,  3.272. 
r,  3,250. 

-,  uiniie,  3,272. 
vay.  ills.,  3.263,  3.264. 
ivuiy,  3.259,  3,261. 
Shaw,  ill!.,  3,271. 
■heer  legs,  ille.,  3,267 
BliDgs,  ills.,  3,292. 
qMcd,  3.297. 
starting,  3,356. 
steam  hydraulic,  ills..  3.264. 
■toppins,  3.250. 
atylt,  3,207. 
Bwingf  power,  3,264. 


ilia.,  3.260,  3.26&. 
power  required,  3.P75. 

tumbuckis,  3,292. 
wallringf,  3.261, 


Cimaing  hit<*r 3,322. 
Crotch,  pipe  fitting,  2 


VI 
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Crow,  pipe  drillings  ills.,  2,887. 
Crowning  ropes,  3.325,  8,326. 
COfl  reCngeration  systcan,  3,082. 
Cutler-Hammer,    elevator    controller,    ills., 

3.230. 
Cylinder,  elevators,  3,210. 
hydraulic,  3,220. 


D 


Dairy  refrigeration  plant,  ills.,  3,065. 
Damper,  regulator ^  steam  heating,  Dunham, 
ills.,  2,037. 
steam    heating,    natural    vacuum 
system,  ills.,  2,040-2,054, 2.056. 
thermo-seal,  heating,  ills.,  2,052. 
vapor  heating^  ills.,  2,032. 
Dart,  union,  ground  jomt,  ills.,  2,847. 
Davidson,   evaporator    and  distiller,     ills., 

3,164-3,166. 
Deep  spray  cooling  i>ond,  ills.,  3,187. 
De  La  Vergne  refrigeration  plant,  ills.,  3,016, 

3,003. 
Dense  air,  refrigeration  machine,  3,087. 
Derrick.  3.274-3,278. 

"A^'  frame,  ills.,  3.276. 
buU  wheel,  3.274. 
crane,  3.260. 
fittings,  3.277,  3.278. 
gear,  swinging,  3.274. 
guyt  fittings.  3.277,  3,278. 

Perry,  ills.,  3,274. 
hoists,  3.274-3.278. 
proportions,  3.275. 
stiffleg,  ills.,  3.275,  8,277,  3,278. 
Dewey  trap,  air  and  vacuum,  uls.,  2,035. 
Diaphragm     regulator,     atmospheric     and 
vacuum  system,  ills.,  2.040. 
damper,  ills.,  2,051. 
Die(s),  Pipe  threading j  adjusting,  ills.,  2.870. 
chip  space,  ills.,  2,878. 
chasers,  2.882. 
clearance,  ills.,  2,878,  2,870. 
construction,  2.878-2.881. 
expansion,  Oster  Bull-dog,  ills.,  2,872. 
gnndin^,  wheel,  2.808. 
non-adjustable,  ills.,  2,870. 
Differential  Co.,  vacuum  heating     system, 
ills.,  2.043. 
hoists,  3,282,  3.283. 
valve,  steam  heating,  ills.,  2,044. 
Direct  contact  condenser,  3,110. 
Direct,  current,  controller  full  magnet,  3,241. 
drive,  elevators,  3.210,  3.211. 
elevator  motor,  3.235. 
Directed  flow  cooling  ponds,  ills.,  3,181. 
Directional,  pipe  fittings,  2,836. 
Dirt,  heat  loss,  2,087. 
Discharge,  tank,  elevators,  3.227. 

valve,  refrigeration,  3,020. 
Discs,  radiating,  refrigeration,  ills.,  3»018. 
Distillation,  3,068,  3,150. 


Distilling  apparatusy  tee  Bvaporating  and  Dis- 
tilling  apparatus, 
tefrigeration,  3,066-3,071. 
Double,  branch  elbow,  pipe  fitting,  2.831. 
deck  spray  ponds,  spnag,  ills.,  3,184. 
sweep  tee,  pipe  fitting,  2,831. 
tube  condenser,  ills.,  3,135,  3,136,  3,144, 
Drainage,  steam  heating,  pitch  fitting,  ills.. 

2,024. 
Draught  control,  steaqi  boiler,  vacuum  sys- 
tem, 2,047. 
steam  heating,  natural  vacuum  system, 
ills.,  2,040-2,056. 
Drift,  cooling  pond,  loss,  3,180. 

spray  pond,  lower  fence,  ills.,  3,185. 
Drilling  elevators,  3,210. 

pipe,  for  tapping,  ills.,^  2,886-2,888. 
Drip(s},  pipe,  steam  heating,  2,018.  2,020, 
2,025,  2,026-2.033. 
steam  heating,  ills.,  2,000. 
Drive,  continuous,  ropes,  8,333-3,336. 
etaaioTf  belt,  3,247. 
Mf6m  des.,  3,247. 

niction,  ills.,  8,210. 
herringbone    gear,    des.,    ills., 
3.240. 
.    spur  ^ear,  8,247. 

traction,  direct,  ills.,  3,210. 
worm  gear,  8,250. 
Drop,  dbow,  pipe  fitting,  2,831. 

tee,  pipe  fitting,  2,831. 
Drum,  ammonia^  ills.,  3,074. 

anhydrous,  3.057,  3,050. 
elevators,  counter-balance,   3^208. 
full  magnet,  ills.,  3.230. 
over  head,  adv.,  3.208. 
scores,  3.254. 

service  stiitable,  3,206,  3  200. 
shaft  space,  3,246. 
mine  hoist,  3,200. 
Dry,    air   pump    condenser,    3,112,    3,116, 
3,117,  3,120,  3.148. 
compressor.  3.031. 
joint,  pipe  fitting,  2.831. 
return,  steam  heatixig,  ills.,  2,018-2,033. 
Ducts,  hot  air,  indirect  heating,  iUs.,  2,060. 

iron,  galvanised,  iHs.,  8,005. 
Dtimper,  ice  can,  refrigeration,  ills.,  3,004. 
Dunham,  damper,  regulator,  ills.,  2,037 
radiator  piping,  steam  heating,  ills., 

2.036. 
methods,  atmospheric  pressure  system, 

ills.,  2.038. 
trap,  steam  heating,  ills.,  2.034,  2.035. 


E 


Eccentric,  reducing,  pipe  fitting,  ills.,  3,000. 
Eclipse,  distilling  system,  ills.,  3.067. 

element,  electric  heating,  2,082. 

regulator,    temperature    steam  heating, 
ills.,  2.063. 
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r^rigeration,  system,  freezing  tank,  ills., 
3.095. 

plate  ice  plant,  ills.,  8,097. 
Eddy  current  crane,  brake,  S|272. 
Edward's  wet  air  pump,  ills.,  3,147. 
Kjector,  refrigeration,  ills.,  3,075. 
steam,  3,152. 

beating, vacuum  system,  2,954-2,960. 
Elbow,  pipe  fitting,  ills.,  2,850-2,855. 
drop,  2.831. 
double  branch,  2,831. 
street,  2,833. 
'  union,  ills.,  2,863. 
Electric,  air  pump^  2,992. 

crane,  brake,  ills.,  3,270,  3,272. 

combined    rota^    and    rectilinear, 
3.266. 

derrick  type^  iUs.,  3,267. 

locomotive  jib,  ills.,  3,262. 

trann>orter,  iUs.,  3,268. 

travding,  ills.,  3,265. 
eUmOoris),  3,231. 

operation,  3,236,  3,255. 
heating,  2,981. 

circuit,  2,984. 

elements,   2,982,   2,983. 

heat  loss,  2,987>2,990. , 

heater  circuit,  internal  ^  ills.,  2,983. 

heating  units,  2,981,  2,982. 

resistance  wires,  2,981. 

room,  2,985. 

temperature,  regiilating,  2,983. 

underseat,  ills.,  2,985. 

units,  class.,  2,981,  2.982. 

wiring  diagram,  consolidated,  2,986. 
Electricity,  heat  production,  2,981. 
Electro-nu^etic  crane  brake,  3,269. 
Element,  electric  heating,  2,982,  2,983. 
2Ievator(s),  belt  driven,  3,245,  3,247. 

bn^,  Kaestner  &  Hecht,  ills.,  3,232. 
cable\s),  3.254. 

car,  3.212,  3.213,  3,222. 

drive,  ills.,  3,245,  3,246. 
chainm  compensatmg,  ills.,  3,255. 

drive,  des.,  3,247. 
control,  adjustable  speed  motor,  3,235. 

class.,  3,204. 

d.  c.  motor,  3,235,  3,241. 

full  magnet,  3,240-3,243. 

single  motor  traction  drive    diag, 
3,246. 

switch,  solenoid,  3,241. 
controller,  3,235. 

belt  driven,  ills.,  3,236. 

continuous  operating,  ills.,  3,236. 

full  magnet,  3,240,  3,243. 

Idgh  speed.  3,240. 

mechanical,  3,236,  3,237. 

non-reversible,  3,238. 

reversible,  ills.,  3,239-3.243. 

shipper  cable,  ills.,  3,237. 

slow  ipeed,  3,239. 

switch,  3,240. 

wheel,  ills.,  3,237. 
counterweight,  3,254. 


ElevatofCa),  eountmrwmight, — Continued 
I>roving,  ills.,  3,207. 
cylinder,  3,219. 
development,  3,203. 
direct  drive,  3,211. 
discharge  tank,  3,227. 
drilling,  3,219. 
drive,  iriction,  ills.,  3,210. 

gears,  overhead  type,  3,254. 
herringbone  gear,  des.,  ills.,  8,249. 
traction,  direct,  iUs.,  3,210. 
worm  gear,  3,250. 
drum  type,  3,209. 

drive,  ills.,  3,206. 
full  magnet,  ills.,  3,230. 
service  suitable  for,  3,206,  3,209. 
shaft  space,  3,246. 
drums,  3,254. 

oounter*balance,  proportion,  3,208. 
overhead,  adv.,  3,208. 
scores,  3,254. 
deciric,  3,231. 

brakes,  ills.,  8,232. 
horse  power,  3,233. 
motors,  3,230-3,235. 

adjustable  speed,  3,285. 
current.  3,233,  3,234. 
external  resistance,  3,235. 
operation,  3,236,  3,255. 
polyphase,  slip  ring,  3,235. 
repulsion  induction,  3,235. 
shunt  wound,  ills.,  8,257. 
single  phase,  3,235. 
spht  phase,  3,235. 
squirrel  cage  induction  motor, 

3,235. 
standard,    repulsion    induction, 
3.235. 

split  phase,  3,235. 
endless  cables,  ills.,  3,246. 
engine,  horizontal  oscillating,  ills.,  3,204. 
hydraulic,  ills.,  3.228,  3.229. 
vertical  oscillating,  ills.,  3,209. 
Fraser  cable,  diag.,  3,246. 
freight,  3.212. 

^reared,  ills.,  3,227. 
mtemal  gear,  ills.,  3,248,  3,249 
motor,  3,235. 
gear,  between  motor  and  drum,  3,245. 
double^  reduction  worm,  3,252. 

worm,  3.251. 
herringbone,  Wuest  system,  8,250< 
internal,  ills.,  3.252. 
spur,  ills.,  3,252. 
tandem  worm,  3,251,  3,253. 
tooth,  parts,  ill.,  3,244. 

strength,  3,244. 
worm,  ills.,  3,251. 
geared  hydraulic,  3,227. 
gearing,  3,230. 
gearless,  3.209. 

governor,  Gumey,  ills.,  3.217. 
herringbone  gear  drive,  ills.,  3,249. 
high  speed,  3,211. 
horse  power,  motor,  diag.,  3,231. 
hydraulic,  class.,  3.215. 


INDEX  OF  GUIDE  No.  7 


I,  illi.,  s.3ie. 

Km>m  (S^.  froght,  fllfc,  8JB7. 
limit  rtofi,  nusUdb  ilU^  3,21B. 
load  balunngi  8JKM. 
ihkMw,  Albn^^  3.US.  S.S4a. 

Nortlun,  8,318,  3.Me. 

"^  ills.,  8,367. 

^      1,  8.S48,  1349. 


^^r^ 

hons  pomr  diu.,  3JIS1. 

—'—'-•«  alipnis,  S385. 
Mn,  dix,  B,3M. 
IM,S,38S. 
nction  driv*.  ill>.,  a^MO. 
multi-ndDetion,  S.31I,  3.212. 
Northnn  aemi  machme,  3.248,  3.24S. 
opantkm,  3.9SS. 
overtwod  typB,  8.3M. 
PMTHIOIIflW,  tiBcuon,  3,211. 

tnctkii,  mKchJiie,  3.25T. 
piMon,  S.m,  8,230. 
^iMffr  lyft,  airangenunti  UIi.,  3.322. 

compenutiDg  ntpc  3.223. 

EointTUction.  8,219,  3,220. 

control,  8,134. 

operation,  3.233. 

iSot  valve  contiol,  3.324. 

plunger  bv  pBsa,  3.220. 

adiigBlk.  lib.,  3.226. 

■Usdard,  ills.,  3.210,  3,220 

•tafting,  3.324. 
Portland  drum  elevator,  3.243,  3.346. 
tamtr,  3,307. 

unit,  locatKrn,  3.203. 
PuUbti,  3,343,  3,254.         _ 
pumpins  plaat,  3^33,  3.227. 
kse<Fp»tv2vB>  >"^'  3.32S. 
reduction  madiine,  3,211. 
Ridgwar.  itti.,  8,318,  3,21S,  8,203. 
mnnine,  3.2f6. 

taf(U'.3,3ii. 

govenior,  ills.,  3.217. 
■core*,  overbead  type,  8,354. 
(JH^,  3,213,  3.314. 

ranee,  3.248> 

speed  contnl,  8.336,  3.341. 
sDuTHear  drive,  3.247. 
Btartmg.  3.217,  3,277. 
hleam.  devetopment.  3.206. 
.witch,  Blenold,  3,241. 
iratlion,  3.209,  3,211, 3.312. 
ilia.,  3,24fi.  3,240. 
■    ■   1.8.244. 


walla,  8,314. 

voght,  couDta,  8.264. 

nm  Mk,  8,147. 

Raedr.  illi-  3.381.  3.363. 
Ell,  j>ipa  fitting,  branch,  2.830^2^3^,834. 

^^Sign,  ina.,  3.901. 

diMtor,  vertic^  hTd^  HI*.,  8,229. 

hor.  (Man  oadlUting,  ilia.,  SJOl. 

vertical  Ream  ~-iii.iina  m.-,  8,306. 
marine,  driving  pomps,  8,149. 
Newcomen-i,  lib.,  8,105. 
jtaoM,  elevator,  8  JD4,  8,206. 

npright,  connected  to  pump,  ill>« 

throttling,' 3. loe. 
Brhait,  induction  condenaer,  ilia.,  3,127. 
Bther  sysimi,  refrigeration,  3,086,  8,088. 
Bthyl   chloride    refrigeration    ayitem,    ills., 
3,078,3.080,3.081. 


diiUUtr,  circulating  ....     . 
Davidson,  Ola.,  3.164-3,100. 
description,  3,159,  3,166. 
marine  installaiioD,  3,169,  3,103. 
Bchutta  ft  Koerting,    ills.,    3,170. 
3.171. 
aafiorator,  bfitw  Mowing  ^,  3,164. 
toils,  ills.,  3.101,  S.18T. 
docripCion,  3,169. 
doubU  effect,  8,198. 
trapmttitti    (■»,    condenser,    ills., 
3,173.  _ 

feed  water  heater,  ilia.,  3.170 


lilot.  Ills.,  3,2! 

— -  '  "se. 

a,  clan..  3.204. 


8,149,        I 


-^s^sr. 


ills.,  3.173,  3.178.  8.177.   , 
;  up  toiler  feed  water.  3.165, 

,  ills..  3,171. 


T,  condenser.  3.126. 
PB.  oiarme  power  plant,  ills.,  2,90S 
am,  distilling,  3,008. 

piping,  ills.,  2,002-2.966. 
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8,021,  8l>22. 
p^  diet,  Oster  Btdl-dog,  ills.,  2,872. 


uision,  pq»e  threader*  range,  2J873. 
tank,  not  water  heating,  iUa.,  2,978, 

2,974. 

valve,  refrigeration.  8,019,  8,022. 
Bye  q»Uoe,  ropes,  iUs.,  8,844. 


F 


Pan,  indirect  heating,  ills.,  2,068,  2,069. 

Parmer's  loop,  8.324. 

Peed,  line,  Pip^|&  making  up,  iUs.,  2,906, 

pump,  httttiing  i^rstem,  iUs.,  2,062. 
Peed  water,  evaporatmg  and  distilling,  8,165, 
8,167. 
filter,  ills.,  8,176. 
hsater,  ills.,  8.173. 
closed,  2,000. 

evapoxating  into,  8,176,  8,177. 
open.  iHs.,  2,064. 
miral  corrugated,  iUs.,  8,178. 
mstallation,  condenser,  ills.,  3,122. 
required  marine  enfl^ne,  3,151. 
Perrules,    condenser     tube  packings,    ills., 

3,180. 
Pilter,  refrigeration,  8,080. 
Pigure  eight  knot,  ropes,  ills.,  8,315. 
Pire,  box,  boiler,  2,30r 

place,  heating,  2,011. 
Pisherman's  bend,  ropes,  def.,  ills.,  8,807. 
Pittixigs,  ammonia,  ills.,  3,025. 

lift,  steam  heating,  ills.,  2,060. 
pipe,  see  Pipe  fittings. 
PlanieC,)  pirn,  blind,  ms.,  2,861,  2.862. 

dimensions,  ills.,  2.842-2,845,  2,862. 

various,  2,824. 
Plap  valve.  8,158. 
Plat  thread,  pipe,  2.877. 
Plemish  loop,  3,308. 
Plexible  metaflic  valve.  His.,  3,140. 
Plow,  contra,  «urf»ee«wdenser,  built  in,  ills., 
3.1li|.Aa41. 

cooling  pondsi, His.,  8,180.  3.181. 

parallel,  jet  Qondeoder,  ills.,  3.116.  3.118. 
Poot  valve,  ills..  8.1f7. 
Porced  indirect  heating,  or  hot  blast  heating, 

ills.,  2^7,  3,068. 
Pore  cooler,  refrigeration,  8.080. 
Porged  steel  pipe  fittings,  2,836. 
Poul  air  duct,  not  air  heating,  3,007. 


Practional  valve,  radiator,  ills..  2.050. 
Praser,  elevator  cable  drive,  ills.,  3.246. 
Preezing  tank,  refrigeration,  ills.,  3,005. 
Preight  elevators,  3.212,  3,252. 

^geared,  ills. ,3,227. 
Prick  compressor,  refrigeration,  ills.,  3,027. 
Friction  drive,  elevators,  ills.,  3,210. 

pipe  leaks,  2,890. 
Froet,  refrigeration,  3,031. 


Pumace,  kU  air,  2,01^2.015. 

air  circulation,  ills.,  2.013. 
design,  2,012-2,014. 
methods,  2,014. 
Mueller,  ills.,  3,006. 
pipeless,  ills.,  2,014. 
sixe,  3.004. 


G 


Galvanised  iron  dust,  ills.,  3,006. 

Gantry  crane,  3,260. 

Gasket,  pipe  ioints,  ills.,  2,845-2.846. 

Gate  valve,  iUs.,  3.155. 

Garage  heating  installation,  ills.,  3.010. 

Gauge,  pipe  thread,  ilk.,  2,837. 

rd^tgerationt  ammonia,  ills.,  3,026. 

board,  ills.,  3,016. 
vacuum,  uls.,  8.101. 
Gear(s),  crane  collection,  8,273. 
Oevator,  8.230. 

between  motor  and  drum,  8.245. 

double,  worm,  3.251,  8,252. 

herringbone,  Wuest  system,  3,250. 

internal,  ills.,  8,252. 

spur,  iUs.,  3.252. 

tandem  worm,  3,251,  3,253. 

tooth,  parts,  ills.,  3,244. 

strength,  3.244. 
worm,  ills.,  3.250,  3.251. 
hoia,  3.203. 

worm,  ills.,  3,282,  3,200  . 

cdevator,  drive,  com.,  3,250. 
Geared,    or   friction   drive,    elevator,    ills., 
3.210. 
receding    pipe    threads,    Toledo,    ills.. 
2,875. 
Genemtor,   coUs,   refrigeration,    3,052. 
hot  water  heating,  2.077. 
refrigeration,  Yoxlc,  ills.,  3.048. 
Globe  valve,  ills.,  3,155. 
Governor,  elevator,  Gumey,  ills.,  3,217. 

pump,  vacuum,  ills.,  2.064. 
Grab,  clam  sheU,  3.277,  3,278. 
crane.  3.268. 

orange  peel.  3,277,  3,278. 
Grain  binder's  knot.  3,320. 
Grannv  knot.  3,311. 
Grappler.  hoisting,  ills..  3.202. 
Grease    extractor    and    feed    water    filter, 

ills..  3.175. 
Green,  coal.  2,307. 

house  heating,  3,008,  3,009. 
Greenfield  gun  tap.  piping,  ills..  2,880. 

lever  form,  pipe  threader,  ills.,  2.874. 
Grinding  valves,  refrigeration,  3,029. 
Grooves.  roi>es,  3,335,  3,336,  3,349. 
Gun  tap,  pipe  threading,  Greenfield,  ills. 

2,889. 
Gumey  elevators,  governor,  ills.,  3,217. 
Gutennuth  valves,  3.148,  3,149. 
Guy  derrick,  Terry,  ills.,  3.274. 
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Hall  Mtcb,  tDpM.  ills.,  3,31G,  S,31S. 

Hall  refnaentmiE  machine,  illi.,  3.0S0. 

Halts  tie,  3.330. 

Hand  power  cmne,  3,ZG0,  3.261. 

HardiDff  ft  Lilian],  refnaeration  directiOTU, 

3.044. 
Hantea  hitch,  3.3Z1. 
Hsu],  tope*,  dcf.,  3.304. 
Mauluc,  rope.  3.208. 
Heat,  gBnentor,  HoneyveU,  2.677. 

given  off  by  radiaton,  2,993. 

indirect  beating,  2,909. 

km,  various  subetnoceB,  S.9ST-2,«eO. 

pioduction,  by  eleetridh',  2.981. 

radiation  figuring,  2.993,  2.991,  2.09S. 
Heating,  end  ventilsUon,  ills.,  2,011-3,010. 

otmojpheriCt     -*-  -  --.-^.  .._    — 


2,933.  2,040. 


2.940. 


,  ilia.,  3,005. 
.003. 


tbte*  circuit,  ai 


,  regulatine,  2.933. 


2.BS5. 


i3oUdated,  ilts. 


units,  2.9B1,  2,0KI. 

2,936. 

(unmce,  {lot  sir)  ills.,  2,912-2,01&. 
green  house,  3.008,  3.009. 
heat  losses,  ding.,  2,987-2,990,  2,994. 
hal  air,  2.912-2.015. 

cold  air  boi.  3,003. 

foul  air  duct,  3,007. 

furnaa,  2,912-2.914. 
Mneller,  ills.,  3.006. 


<  vaUr.  2.9T0. 

acedenited  circulation,  2,930. 
Andrewi,  iHi.,  2,038,  2,930. 
baffle  tongue,  ills.,  2.970. 
by  p»»!.ilis..  2,973. 
CKCoit  two  pipe,  ills.,  2.974. 
(•'rmlolioH,  ijts.,  2,072,  2,973,  2,675. 

accelerated,  2.980. 
distiibutisn  tees,  ills.,  2,9T° 


nposure,  wall  and  glass, 
garsige,  ilb..  3,010. 


,  2,973,  2,674. 
1,994.    . 


loea.  «paHd  floor*,  rtc,  ilk, 

high  pnasiire,  2.97e,  2,980. 
Honeywell    heat    Henerator,     illa„ 

2,977. 
JorgeuKU    and    Burcbner    aystem. 

ilia.,  2,978. 
Koerting  system,  ills.,  2.97S. 
low  preaaufe,  del.,  2.073. 
moUve  force,  ills.,  2,972. 
Molt  Inm  WorliB,  radiation  table. 


^^1 


npc  syBtsm,  2,975.  - 


2.970~2.0«>.  ' 
r,  Rguring,  2.904,  2,908. 
— -,S  by,  table.  2,993. 


radiation,  indirect.  2,907. 


ins,  ills.,  2.070. 
e.  2.976,  2.090. 


Koerting, 'ills.,  2,078. 

low  pressure,  def .,  2.87B. 

one  piiie  sysum,  2.975. 

Reck,  ills.,  2,079. 

idngte  pipe,  2,975. 

two   pipe   low   preasure 
2,978,  2,974. 
tempetsture,  2.971. 
types,  2.971,  2,972. 
indirect,  heat,  amount,  2,007. 
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tri-duty,  Dewey,  ilia.,  2,9 
vu»i,  def-,  Z,S3e. 
nalti,  air  nJiri,  ill».,  2.057. 

impulse,  Oiffenntuil,  ills. 

■mfoce     facton,     EreenbouH 

vacuum  return  line,  illt.,  2,»S 
ventilatkrn,,3,(IC«,  loos. 

fiear  drive,  eleval 
3.246 
level    ooodeoBer,    ill*., 


and  cnuuB,  3,2SB-3.3D0. 


in,  ds.,  nil., 
3,120-3.123, 


aei,,  am. 

double,  def.,^  3^300,  ilia..  3,307. 

Hitcbingi 
Hob,  pip« 
H(Bit(s),  an. 

— -" les,  a.iOH-a.* 

idM,  3.2S1. 

bloda.  3,SSa-8.2g9. 

boll  wbe^  and  anide  alieaveB,  illi.,  S.27B. 

caUa  sbaclde,  8,292. 

caUeway,  3.300. 


itrrick,  3,274-3.278, 

fittings,  ilia.,  3,279. 
description,  3,259. 
diaerential.  3. 270,  3,2S2,  3.2$3. 


oatrolled,  ills.,  3.Z( 


hitch^  3.310. 
boishng  epeed  table,  3,1 
limit  atop,  iUa.,  3.266. 
miDe,  3.269. 
raoton,  S.20T-3.2O6. 
Nsithern,  illB.,  3,263. 
[iaDetuy,  ilia.,  3.28B. 
poeiunatic,  3.276. 
power,  telpber,  3,290. 


Hal»t(e),— CoMiaiKif 

ptiUiy,  3.280-3, 28S. 

Uock  and  fall.  3.279. 

rope,  3,276,  3.310. 

tluave  blocks.  3,286. 

noSSa    ihaft,    illi.,     3,283. 

Slingi.  ilk.,  3.292. 

■peed  table,  3.260. 

spur  geared.  3,279. 

telpherase,  3,264. 

tongs,  ills.,  3,262. 

travemv.  power  lequind  to  aiiTe,  3,2 

trip  sling  rope,  3.327. 

tn^ley,  DlB.,  3.20S. 

tnmbucldea.  3,262. 

wincb.  ills.,  3.280,  3,231, 

windlass.  CtuDese,  ills.,  3.2B3. 

worm,  3.270,  iUa.,  8,232,  3.260. 
Hoisting  love,  hitch.  3.310. 
Honeywell  heat  generator,  2.977. 
Hoiiiontal  osdUating  steam  tractioii  eleva 

engine.  Reedy,  ills..  3.204. 
Hoise  power,  dnator,  electric,  3.233. 
motor,  diag.j  3,231. 


1  steam  heating  aystem,  ilia., 
930.     . 
steam  heating,  differential. 


Inclined  brace  crane.  3,265. 
Increasen,  pipe,  ills.,  2348,  2,846. 
Independent  iwinp  condenser,  3,124,  3.136. 
a.ioV'"    ""  ■=  ™    "    ™»™e. 
barometer  changes,  3.103. 
condensing  enoine,  3.103. 
throttUng  engine,  3.106. 
■Indirect,    eipanaion,    brine   ciiculating,    re- 
frigeration, 3.021.  3.022. 
"'     refrigeratioo  system,  3,020. 
heatmg,  2.666-2,666. 


ith.,  3,125,3.1! 


3.128. 
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iadcBon  element,  electric  heatingp  2,083. 
am  hitch,  3,820. 
arecld,  ammonia  fittings,  ills.,  3,025. 
bushing,  ills.,  2,848. 
cross,  malleable,  ills.,  2,860. 
elbow,  side  outlet,  ills.,  2,8S5. 
flanges,  cast  iron,  ills.,  2,842-2,843. 
nippUis),  ills..  2.838. 

holder,  ills.,  2,840. 
offset,  standard,  cast  iron,  ills.,  2,840. 
return  bend,  side  and  back  outlet,  ills., 

2,855,  2,856. 
tee,  branch,  ills.,  2,856. 
Jefferson,  joint,  brass  to  iron,  ills.,  2,846. 

union,  flange,  gasket,  ills.,  2,847. 
Jet  condenser,  3,1 11. 

etmnter-ftcfw,  diag.,  8,115. 

and  pNaraUel,  combined,  ills.,  3,116. 
low  level,  iUs.,  3,114. 
operatioii.  3,123. 
parallel  now,  low  level,   Worthington, 

ill&.,  3,118. 
pumps,  3,145. 

calculating,  3,145. 
Jib  crane,  3.260,  3,262,  3,265,  3,260,  3,273. 
inniwinla  derrick,  ills.,  3,276. 


ointng,  pipe  fitting,  2,836. 
oint(s),  bell  and  spigot,  2,820. 


bushings,  2,848. 

classification,  power  plant,  2,800. 

dry,  2,831. 

flanges,  ills.,  2344,  2,845,  2,847. 

ground,  ills.,  2,846. 

hydrostatic,  2,832. 

lead,   2.832. 

Mathesen,  2.832. 

rust,  2,833. 

union,  2.834,  2.845. 

wiped,  2,834. 

screwed,  makiner  tight,  2,806-2,000. 

tight,  threads,  2,800. 

fittings  for,  ills.,  2,808. 

various  types,  ills.,  2,845. 
Jorgensen  &  Burchner  heating  system,  ills., 
2,078. 


K 


Kaestner  and  Hecht,  elevator  brake,  ills., 

3.232. 
Kansas  City,  freight  elevators,  ills.,  3,227. 

plunger  elevator,  ills.,  3,225. 
Keel  condenser,  ills.,  3.110,  3.131-3,134. 

see  Condenser(s),  ked, 
Kelly- Jones,    elbows,   malleable   iron,    ills., 
2,851. 
malleable  iron  pipe  railing,  ills.,  2,000. 
Y  branch,  ills.,  2,859. 
ots,  see  Rope  laiots. 


Koerting,  bilge  syphons,  iUs.,  3,168. 

condenser,  induction,  ills.,  3,128. 

heating  system,  ills.,  2,078. 

induction  condenser,  ills.,  8,128. 
Kroeschell  compressor,  ills.,  3,083. 


L 


Tjishing  ropes.  3,300. 
Lay,  rdpes,  det.,  8,804. 
Lead,  joint  pipe  fitting,  2,832. 
wool,  pipe  fitting,  2,882. 
Lift  fittings,  steam  beating,  ills.,  2,060. 

pump  condenser,  ills.,  3,104. 
Limit,  stop,  elevators,  machine,  ills.,  8.215. 

cranes,  3,258. 
Line  pipe,  2.832. 

xefrigeratioiK  3,024. 
Lip  union.  pi]>e  nttmg,  2.832. 
Load     balancing     classification,     elevators, 

8,204. 
Locomotive,  j^  crane,  3,261,  3,262,  3,260, 
3,273. 
electric,  ills.,  3.262. 
gear,  .3,273. 
Loop(s),  steam,  ills.,  2,025,  2.927,  2.030. 

see  Rope  loops. 
Louvre  fence,  spray  pond  drift  spray,  uses, 

ills.,  3.185. 
Low  level  condensers,  combined  counter  and 

Sarallel  flow,  ills.,  3.119. 
,    ,        .    .112,  8,114,  3,144. 
parallel  flow,  ills.,  3,118. 
Low,  pressure,  hot  water  heating,  2,076. 
steam  heating  systems,  2,917. 


Machine  (s),  elevator,  see  Elevator  machint-s. 

pipe  threading,  dls.,  2.883,  2,884. 

refrigeration,  see  Refrigeration  machines. 
Main,  hot  water  heating,  size,  table,  3,001. 

risers,  steam  heating,  ills.,  3.000,  3.001. 
Make  up,  fitting,  pipe,  see  Pipe  fittings. 

pipe,  tight  joint,  heat,  2,8^. 

valve,  ms.,  2,062,  2,964. 
Malleable  iron,  fittings,  2,834. 

pipe  railing,  Kdiy  &  Jones,  ills.,  2.900. 
Mamla  rope,  three  strand,  properties,  table, 
o,o03. 

transmission,  8.338,  3.342; 
Manifolds,  evaporator,  3,161,  3,167. 

pipe  fitting,  2,832. 
Marine,  compresspr,  ills.,  3,063. 

crane,  ilfe.',  31271."- 

distiller,  3.150/     '-  ■' ' 

engine,  driving  pumpSi.  3J46. 
feed  water  jequired,  8.151. 

evaporator,  3,iC».  ■  •      •   .    .       t* 

ice  making,  see  Marine  refrigera^oii. 

installation,  distiller,  3,159. 

power  plant  de§ign^-iUa;V  2,002.    ■'  ^ 
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plimt,  iils.,  a. 091. 
Mulin  spiln,  taza.  del.,  3,304. 
UtaoBty,  lust  loss,  2,987. 
Matheson  joint,  pips  fitting.  2.832. 
MechaiucBl,  btalu,  crane,  3,271. 


Medium  pr«auri 
Mercury,  seal,  i 


•ious,  ills.,  2Ma. 


knot,  3.333. 
ins  boiat,  drive,  3.290. 
aiog    chamber,    indirec 


Moli 


2.95J. 


I,  His.,  2,953. 


ejector,  iUa..  2.95S. 

vacuum,  mechanical,  ills.,  2.9aB. 

valves,    air    relief    and    vacuum, 
2,957. 
Uono-nul  ttaclQ,  ills.,  3,205. 
Hotorfr)i  adjiutaUs  ipeed,  elevatoi,  S 

altenuitina  current,  elevatai,  3.23. 

cmius,  %2SS,  3,209. 

dlnct  current,  elevator,  3.235. 

doaMr,  adjustable  speed,  3.235. 
■Itemating  CI  ~        "      *""' 


,  3,235. 


hoiBB  povet,  diag.,  3j!3l. 
polynhase  slip  ring,  3.235. 

shunt  wound.  3.257.' 
single  drive,  diag.,  3.246. 
ipht  phase,   3,235. 

hoist,  3.397-3!299, 
indiiiliott,  elevator,  3.235. 
repulsion,   3,235. 
.      polJT>hase,  Blip  ring,  3.235. 

spue  phase  standard,  3.235. 

telpher,  3,297,  3'.298. 

traction  drive,  single,  disg.,  3,216. 
Mott    Iron    Works,    heat    radiation  Ubles, 

2.693. 
M-wUer  hot  eir  fuinace,  ilia.,  3,006. 

dome  and  radiator,  ills.,  2,912. 

pipclcss,  ills.,  2,914. 


r,  ills.,  3,113,  3,149. 

ills.,  3,101. 
Iters,  3.211,3.212. 


N 


National,  pipe,  steel,  manuEa 
Natural,  circulation,  hot  mtc 
2,972,  2,974. 
ponda,  3.180,  3,1S 


^XT. 


Oflsets,  pi^,  ills.,  2,849. 

Oil,  in  refrigeration  condenser,  : 

stparalor,  heating  system, 


2,920-2,923,  2,930. 
operation,  2,919. 
overhead  Eystem,  iUa.,  2,925. 
relief  system,  ills.,  2.918. 
underfeed  relief  sy5tem^.B17. 


iratmgel. 
•.t   Bidl-d 

Otis,  elevator 

Sve^'^J,™ 


r,  i.l32. 

levators,  adv..  3,208. 

er  heating,  2.077. 
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,  nfrigentum.  ilU..  3, 


/lam,    condenier,   3.110,     3,11S,    3,11 

jet    condeiuer,    Worthmffton,    U 
level,  iU>.,a,llS. 
Puelled,  ropa,  def..  3.304. 
Pmrtiol  vacuum.  ooadaUBr,  3.009. 
Puiover  valve,  S.2S0> 


mi.,  2,SI 

Phoenix,  dement,  electric  beatiiiff,  2.S82. 
PhoepboT  bnnw,  netallic  vidve,  ilig.,  3,149 
Pictet  compRXOr,  3,075. 
PilUi  jib,  cniw,  S.»I. 
Paot  vslvs  control,  elevaton,  3J24,  3.22B. 
Pipe,  bind,  rrfrigeTHtiOD,  ills.,  3.073. 

wrought  Bt#el,  standard,  radii,  S,S90 
bHidiHt,S^-2.a93. 

tooli,  2,891-2,893. 
bnnch,  2,830. 


d  weight,  2,S 


cutttna.  ills.,  2,8 

dis,  Ob.,  2.BTD-3 

dJtchatBe  nfrigemtion.  3,028. 
double  extra  strong,  S.824. 
drill,  types,  ills.,  2,887,  2,SSS. 
exhaust,  marine  powET  plant,  ills.,  2,902. 
ixtrt,  heavy,  2,827,  2,831. 

strong,  2.824,  2.910. 
j(m«M,  dimensiims,  ills.,  2342-2.S45. 

various,  2.824. 
bob,  pipe  tappiiy,  ills.,  2.887. 
hot    wat«r   heating,    connectjoru,    ills., 

2,970. 
ht^idic.  2,geT. 
JBiot,  ste  Joiot,  TOK, 
kngths,  allowances,  2,901. 
&ie,  2.S32. 


nfrigaration,  3,024. 


diichajge,  3.028. 
fittings,  3,074. 
riturn,  bend,  3,0M. 


aiie,  hot  air  heatdng,  3fi(a-3ja0t. 
■land,  refrigeration,  ilia..  SSM. 
sUndoid,  2^,  2327. 
■leel,  manufacture,  2.821. 


stock,  ills.,  2,870. 
taper,  ills.,  2.822. 
tapping,  drilling  for,  illt 
taps,  dnll  slzei,  2,886. 
tensle  stRngth,  2,827. 


Ihrtadfs),  Bnggs 
2.8377 
gauge,  ills.,  2.83T. 
imperfect,  2,900,  2,901. 
pitch,  ills.,  2.822,  2.837 
scnwed  jcint,  lengtb,  i 
tidit  joints,  2.899. 

Mremffii;,  die  uid  stock,  2 
''     setting  chasers,  ills 


itandaid,  OIl,  2322, 


,  2.008,  2,910. 

ead^s),   cutting,    Tnethods,    iUi., 
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IPIp«  fittinc» — Continued 

tools  and  equipment,  ills.,  2,864r-2,910. 
wrench,  2.894-2,806. 
T>ip9  fittings,  2.821-2.863. 

ammonia,  ills.,  3.025,  3.074. 
angles,  ills.,  2,850-2.855. 
bends,  xeturn,  ills.,  2,851-2,855. 
bonnet,  2,830. 

branches,  ills.,  2.830,  2.855-2,860. 
branching,  2.836. 
•      brass,  2.835. 

burrs,  removing,  method,  ills.,  2,867. 
bushing,  ills.,  2,830,  2.848. 
cap,  various,  iUs.,  2,861. 
cast  iron,  2.834. 
cast  steel,  2,835. 
classification,  2,827,  2.828. 
coupling,  2,830,  2,840,  2.841. 
crossf  ms.,  2,859,  2,860. 

over,  2.831. 
directional,  ills.,  2,836,  2,849-2,855. 
eUxrw,  2,850-2,855. 

branch,  double,  2.831. 

side  outlet,  sizes  and  weights,  ills., 

2355. 
street,  2,833. 

various  kinds,  2,830,  2.831.  2,833, 
2,834. 
enlarging,  2,836. 

extension  or  joining,  ills.,  2,836-2,847. 
fiangeis)^  blind,  ills.,  2,861,  2.862. 
dimensions,  ills.,  2.842-2,845. 
flat  thread,  ills.,  2.869. 
forged  steel,  2,836. 
header,  2,831. 
joining,  2,836. 
joifUis),  2,828-2,834,  2,841. 
screwed,  types,  ills.,  2,845. 
thread,  length,  ills.,  2.901. 
lead  wool,  2,837. 
lock  nuts,  ills.,  2,840. 
maUeable  iron,  2.834. 

dimensions,  ills.,  2,905. 
railings  2,900. 
manifold,  2,832. 
nippleis),  close,  2.830. 

ills.,  2,832, 2,837, 2,838, 2.839, 2,884. 
short,  2,833. 
offsets,  ills.,  2.849. 
plug,  ills.,  2,860-2,861. 
pressure,  classification,  2,827. 

working,  2,826,  2,827. 
reducer,  2,832. 
reducing,  2,836. 

and  enlarging,   ills.,   2,848-2,849. 
refrigeration,  3,025,  3,074. 
return    bend,    dimensions,    ills.,    2,852- 
2,855, 
side   and  back  outlet,  ills.,    2,855, 
2,856^ 
run,  2,832,  2,833. 
screwed,  bursting  pressure,  2,898. 
semi-steel,  2,835. 
shoulder,  2,833. 

shut    off  or  closing,  iUs.,  2,836,2,860- 
2.862. 


Pipe  fittings, — Continued 

sprinkler,  cast  iron,  ills.,  2,899. 
fee,  2,856-2,859. 

various  kinds,  2,830-2.834. 
unionis),  2,845-2.847. 
elbows  and  tees,  2,863. 
various  kinds,  2.832-2,834. 
valve,  cross,  2.831. 
needle,  2,832. 
various,  2,836. 

wrought,  weight,  des.,  ills.,  2,824. 
wye,  2,834. 
Y  branch,  ills.,  2,859. 
Pipeless  furnace,  hot  air,  ills.,  2.914. 
Piping,  condensate,  ills.,  2,902. 
furnace,  hot  air,  ills.,  2,913. 
hot  water  heating,  2,970-2,980. 
indirect   heating    system,    iUs.,    2,966- 

2,969. 
marine  arrangement  on  author's  steamer 

Stornoumy  It,  ills.,  2,902. 
steam,  loop,  ills.,  2,902. 

heating,  ills.,  2,918,  2,820-2,933. 
atmospheric  pressure,iils.,  2,932- 
2,940. 

and  vacuxmi,  ills.,  2,940- 
2,966. 
exhaust  system,  2.962-2,966. 
steamer,  power  i>lant,  author's  design 
for  steamer  Stornowau  n\  ills.. 
2,902. 
Piston,  air  pump,  ills.,  3,157. 
speed,  3,154. 
compressor,  3,042. 
elevators,  3,227,  3,229,  3,230. 
refrigeration,  3,042. 
Pitch,  pipe  coil,  ills.,  2,854,  2,855,  2.924. 

steam  pipe,  ills.,  2,918-2.932. 
Planetary,  spur  geared  hoist,  ills.,  3,289. 
Plant,  evaporating  and  distilling,  3,171. 
refrigeration,  absorption,  diag.,  3,060. 
small  can,  ills.,  3,017. 
Plate  ice  systems,  refrigeration.  Eclipse,  ills., 

3,095,  3,097. 
Plug,  pipe,  various,  ills.,  2.860,  2,861. 
Plunger  elevators,  see  Elevator  plunger  tyi)e. 
Polar,  absorber,  ills.,  3,050. 

generator^  ills,  3,049,  3,051. 
refrigeration  system,  3,050.  » 

Polyphase  elevator  motor,  3,235.  f 

Ponds,  cooling,  see  Cooling  ponds. 

spray,  des.,  3,184,  3.186. 
Powisr,   application  classification,   elevators, 
3,203. 
hoist,  telpher,  3,296. 
motive,  elevators,  class.,  3,203. 
plant,  marine,  piping*  for  stumer  Storf 

noway  II,  ills.,  2,902. 
required  to  drive  crane,  3,273. 
Power,  required,  crane  traveling,  3,273, 3,275. 
swing,  crane,  3,264. 
telphers,  3.296,  3,297. 
transmission,  topes,  3,332-3,336. 
unit    location    classification,    eleva 
3,2i(».. 
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Pratt  and  Whitney.  hob» jnpe,  ilU.,  2.887. 

Up  and  drill,  ols.,  2,887. 
Piesco  vacuum  steam  lieatiiig  system*  Web- 

ster*  ills.r  2.942. 
Pressure,  absolute,  3.102. 
atmospheric,  3,102. 
bade  reduced,  3,105. 
barometric,  condensers,  3.100. 
bursting,  pipe,  2,826. 
difference,  steam  heating,  ills.,  2,920. 
drop,  condenser.  3,139. 
pipe,  bursting,  2.827. 
Pipe/ittings,  2.827. 
heavy,  2,832. 
pip^p  medium,  2.832. 

safe  working,  2,826,  2.827. 
standard,  2,833. 
test.  2,826. 
working,  2,826. 
regulating  valve,  ills.,  2.962, 2.964, 2.965. 
regulator,  heating  system,  lUs.,  2.965. 
steam,    atmospheric    pressure,   heating, 

ills.,  2,932. 
working,  pipe  fittings,  2.827. 
Production,    low    temperatures,    methods, 
3,011. 
oflieat  by  electricity,  2,981. 
Pul]ey(s),  elevator,  3,246,  3,254. 
hoAsts,  3,286-3.288. 
ropes,  3.332-3,336. 
size  of,  3,322. 
traveling,  elevators,  ^^'f  3,246. 
Pump(s),  air,  classification,  3,155. 

condenser,  3,111-3,113, 3.116, 3.117, 

3.155,  3,156. 
displacement,  3,154. 
dry,  Wheeler,  ills.,  3,148. 
marine  engine,  ills.,  2,902. 
pipe  connection  to  hot  well,  ills., 

2,904. 
Radojetf  ills..  3.112. 
steam  heating,  mechanical  vacuum, 

ills.,  2.959. 
wd,  2.958,  2.962. 

bucket  piston,  ills.,  3,157. 
ammonia,     refrigeration,     itts.,     3,062, 

3  063. 
centrifugal,  ills.,  3,158. 
condensate,  3,135. 
condensation,  boiler  return,  2,959. 
condenser t  3.144. 

air.  3,111,  3,112. 
location,  3,131. 
dry  air,  Wheeler,  ills.,  3,148. 
electric,  air,  2,992. 
evaporating  and  distilling,  3,177. 
feed,  condenser,  3,146. 

heating  system,  ills.,  2,962. 
governor,  ills.,  2,964. 
mdei>endent  condenser,  3,124,  3.125. 
jet  condenser,  3,145. 
calculating,  3,145. 
/ift,  condenser,  operation,  diag.,  3,104. 
vacuum,  heating  system,  ills.,  2,964. 
hydraulic. Ills. ,  2.991 . 
steam  heating,  ills..  2,955. 


Pkmtp(s)  f—Contmued 

wet  air,  bucket  piston,  8,157. 
Edwards,  ills.,  3,147. 
Mullan,  ills.,  3,148, 3,149. 
Wheeler,  dry  air,  ills.,  3,147. 
Pumping  plant,  elevator,  ifls.,  3,226, 8,227. 


R 


Radiating  discs  and  strain,  refrigeration,  ills., 

3,018. 
Radiation  estimating,   2,990,   2,993,   2,994. 

2.998. 
Radiator,   Am.  Radiator  Co.,   ills.,   2.996, 
2.997. 
atmospheric  pressure  system,  heat  ad- 

jtistment,  ills.,  2,933,  2.940. 
baffle  tongue,  ills.,  2.976. 
dimensions,  2,996. 
distribution  tees,  ills.,  2,976. 
estimating  radiation,  2.990. 
heat  given  off  by,  table,  2,993. 
hot  air  furnace,  Mueller,  ills.,  2,012. 
hot  vrater  hewing,  indirect,  2,997. 

one  pipe,  2,975. 
indirect,   heating  system,   ills.,   2,966, 

2,967,  2,997. 
«m>portions,  2,996. 
radiation,  estimating,  2.990. 
retainer  valve,  thermostatict  ills.»  2.9tf . 
steam   heating,    elevation,    low,    2.924, 
2.925. 
ills.,  2,918-2.933. 
indirect,2.997. 
piping,  Dunham,  ills.,  2,936. 
under  seat,  inttalling,  metlMd,  Wr^ 

2.995. 
water  bound,   cause,   ills..   2,9249 
2.925. 
steam,  vacuum  system,  piping,  lUa..  2,94^ 
2.966. 
temperature,  2,94J3. 
valve,  paddeH,  i&B.t  2,988» 
tappinff,  2.908. 
trap,  ms.,  2,8d8. 

valve,  air,  indirect  heating,  ills.,  2,966. 
fractional,  ills.,  2,959. 
packless,  steam,  ills.,  2,945,  2,952. 
thermostatic  J  ills.^  2,959. 
vacuum  retamer,  ills.,  2,961.  2,962. 
vapor  vacuum,  down  flow,  ills.,  2.933. 
window.  2,997. 
Radius,  pipe  bends,  2,890. 
"Radojet"    air   pump,   ills.,    8,112,    3,152, 

3,153,  3,155. 
Railing,  i}ipe,  Kelly  &  Jones,  ills.,  2,900. 
Range  boiler,  connection,  3,009. 
Reamer,  pipe,  ills.,  2,867,  2,868,  2,886. 
Reboiler,ills.,  3.069,  3,070. 
Receding  pipe  threader,  2,874. 

geared.  Toledo,  ills.,  2,875. 
Receiver,  heating  system,  ills.,  2,96^. 
refrigeration,  3,014.  3,019,  3,0^.". 
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R«clc  hot  water  hfiating  ■VBtam,  illi-»  2,079, 

9.980. 
Rectifier  nfiigendon,  3,090.  3.053,  3,055. 
Rectilinur  cnne,  3,250.  3,265. 
Reducer,  pipe  fiCting,  2.B33.  2.848,  2,840. 
Reducing,  eccentric,  ia  steam  heating,  ilia.. 

8.000. 
pipe  fittioEB,  2,830. 
Reduction  Budiine,  elevaton.  3,211. 
Reedy,  elevator,  ufety  clamp,  ilia..  3.217. 

illi.,  3.204.     ' 
hydraulic,  3,228. 
vertical  OKtlUting,  ills.,  3,205. 
Reef  Icnot  nipea,  d<if ..  ills..  3,306. 
Refrigention.  analyier,  3.048,  3,053. 
anhydriMi.  anunoma.  3.01T,  3,027. 

(ulphur  dioxide  machine.  3.076. 
»baon>tloa  pUnt.  Urse,  diag..  3.060. 
Umtt  acttator.  imallcan  plant.  3.011. 
draiiatiimmetltod,  3.022. 

high  temperature.  3.062, 
maldnE.  ills. ,3,023. 
temptralutt.  high,  3,062. 
table,  3,081. 
Brmuwick  compression  system,  3,0^. 

f*or«i'ii«,  3,057-3,061.' 

v»ln,illa.,  3,018. 
tMl.  3,010,  S.OIS,  3,034. 

CUuiiiiff,  8,0M. 

eondenSng,  nil.,  3,034. 

expanooa,  lUi.,  3/122. 

fnedng.  ills..  S.OIO. 

aenerator,  8, Of  2. 
cold  sir  method,  3.022.  3,024. 

compTHior,  3,017,  3,^-3,030. 
cylinder, ills. ,3.030. 

et'S«*^t^,*8^.  "°"*'    ' 
fiiod  head,  ills.,  3,029. 
marine  type,  ills,,  3.083. 
opera tion.  3.036-3,042. 
Plctet,  3.075. 

Ehuttiog  down.  3.038. 
ainelo  acting,  3.030. 
spnnghead,  3.02S. 
stuHiag  box.  iils..  3.030, 
amdauc,    3,016,   3,017,    3,05j,    3.05S, 

3.063. 
ammonia.  3,033. 
atmosphrrU.  3.033.  3.034. 

trouBh.  8.03S, 
double  pipe,  3.033,  3,052,  3,05,^. 

Bubm«^''j.  3'.033,  3,003. 
condenser,  pipes,  cleaning,  ejector,  ills., 

amsBBling  tank  method,  3,022.  3.024. 

cooler,  8^50. 

dairy  plant,  ills..  3.086. 

De  la  Veigne  plant,  ills..  3,016,  3,093. 


,'3,068,' 

.'3.070.  ' 
.,  3,068. 


slamming  tank, 
dry  compression  syst 
Eclipse  pbnt,  3,095. 
ejector,  ills..  3.075. 
ethersystem.det.,  3,086. 


Friclc  compressor,  ills.. 


plant,   3',017,  3,090.  3,003 
3.097. 

vantages,  3, 


,'3,02"l, 

tings,  ills..  3.02! 

absorption,  3,04 


^<r bead' solid 'n'nmi nils',  3.073. 
drsc^iane.'3.028. 
fittings,  3,025,  8,074. 
line.  3.024.  . 

stai^'ills..  3^MS.' 

section,  3,028. 
pisUnt,  3.042. 

rings,  3,042.. 
plsnt,,3,01T.  8,000,  3.093,  3,006,  8,0«7. 

pum  ,  »m™°^    .      ou    e  a     ng.   1     ., 

radiating  discs  and  stops.  3.018. 
receiver,  3,014,  3,010.  3,030. 
rectifier,  3,050,  3,053.  3.056. 


xvin 
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rdfrigerant  pressures*  table,  3,079. 

regenerator*  3,019. 

retort,  3,051. 

return  bend,  double  pipe,  ills.,  3,054. 

scale  trap,  3.038. 

lemi-indirect  transmission,  ills.,  3,022, 

3,024. 
small  can  plant,  ills.,  3,017. 
■tall,  3,051. 
stuffing  box,  3.041. 
sulphurous  acid  system,  8.075. 
tank,     congealing',     elementary,     ills., 

3,022. 
temperatures,  low,  production,  methods, 

3.011.  , 
vtacuum  and  brine  temperatures,  table, 

3.081. 
mIm,  expansion,  3,022. 

needle,  expansion,  3,036. 
throttle,  3.089. 
washout,  ills.,  3.089. 
Vilter,  small  can  plant,  3.017. 
water  vapor,  3.050. 
wet  compression  system,  3.020. 
York,  compressor,  ills.,  3.027. 
R«frigeration  systems,  3,011,  3.012. 

ammonia     absorption,     3.013,     3,043, 

3.045-3.055. 
ammonia  compression,  3.013-3.042. 
brine  circulating,  3.021,  3.022. 
brine  transmission,  3.076. 
can,  3.091. 
carbonic  acid,  3.082. 
classification,  3,013. 
COt,  3.082. 
cold  air,  3,024. 

compression,  ammonia,  3.013-3.0^2. 
direct  expansion,  3,014,  3.020. 
ether,  3.085,  3.088. 
ethyl,  chloride,  ills.,  3.078,  3.080. 
indirect  expansion,  3.020,  3,021. 
mechanieal,  3,091. 
pipe  line,  3.024. 
semi-indirect,  3,022,  3.024. 
sulphurous  acid,  3.075. 
Regenerative,  crane  control,  3,272. 
Regenerator,  refrigeration,  3,019. 
Register,  indirect  heating,  ills.,  2,960,  2.968. 
Regulator,  damper,  steam  heating,  Dunham, 
ills.,  2.937. 
steam    heating,     natural    vacuum 
system,  ills.,  2.949-2.954,  2.956 
Regulator,     diaphragm,     atmospheric    and 
vacutun  systems,  ills.,  2,940. 
temperature,  heating,  ills.,  2.963. 
Reilly,  evaporator,  marine  installation,  ills., 
3,163. 
multi-coil,  ills.,  3.161,  3.163. 
submerged  tjrpe,  ills.,  3,162. 
Relaying,  ro^,  3,325. 
Resistance  wires,  electric  heating,  2,981. 
Retainer  valve,   thermostatic,   ills.,    2,949, 
2  959. 
- -^cuum,  ills.,  2.961,  2,962. 
-<i£rigeration,  3,051. 


Return,  bend,  pipe,  2,851-2,855* 

pipe,  coil,  ills.,  2,854,  2,855. 

malleable,     dimensions*     ills., 
2,852,  2.863. 

steam  heating,  water  level,  ills., 
2,918,  2.920,  2.925. 
steam  heating,  dry,  2.919. 
Rheostatic  crane  brake,  3.272. 
Ridgway,  crane,  hydraulic,  ills.,  3,263, 3«264. 
elevatoris),  ills.,  3,216,  3,218. 
hoist,  ills.,  3,263. 
Riser(s),    hot    water    heating,    connections, 
taking,  ills.,  2.970. 
steam  heating,  ills.,  2.918,  2.920,  2,921. 
2.923,  2.925,  2,926-2,933. 
main,  ills.,  3,000. 
Roberts-Hamilton,  damper  regulator,  ills., 
2,951,  2,954. 
heating   system,    vapor  vacuum   ills., 
2.952. 
Rolling  hitch,  3.310. 

Roof  type  spray  pond,  spray,  ills.,  3,186. 
Room  heating  by  electricity,  2,985. 
Rope(s),  belay,  def.,  3304. 
bend,  3.304. 

anchor,  ills.,  3,316. 
arrick,  des.,  3.305,  ills..  3.306. 
:isherman's,  ills.,  3,307. 
sheet,  ills.,  3,306. 
bight,  def.,  3,304. 
coiling,  method,  ills.,  3,301. 
continuous  drive,  3,332-3,338. 
crowning,  3,325,  3,326. 
emergency  trip  sling,  3,327. 
ends,  treatment  of,  3.325. 

Eooves,  3.335,  3,336,  3.349. 
liter  tie,  3,330. 
haul,  def.,  3,304. 

hiUh,    Blackwell,    3^04,  ills.,    3,306, 
3.322. 

circus,  3.319. 

clove,   ills.,     3.306,   3,307,     3,316, 
3.318,  3.319. 

combined,  timber  and  half,    ills., 
3,316. 

cowboys,  3,318. 

crossing,  3,322. 

double,  def.,  3,306,  ills.,  3307. 

half,  ills.,  3.315,  3,318.     , 

round  turn  and  half,  ills.,  3.307. 

timber,  ills.,  3,315. 

harness,  3,321. 

hoisting,  3,310. 

jam,  3.320. 

rolling,  3.323. 

sailors,  3.318. 

scaffold,  3.319. 

timber,  3.310. 
hitching  tie,  3.330. 
hoisting  trip  sUng,  3.327. 
horse  power,  table,  3,337. 
knotis),   bowUne,   3,305,   3.312,   3.313, 
3,314. 

catspaw,  3,323. 

def.,  3.304. 

elements,  3.315,  ills.,  3,316. 
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ftop«(s),  knoti*),'-^<mttnued 

figure  eight,  ills.,  3.315. 

grain  binder  s,  3,320. 

granny,  3,311. 

halter  tie,  3,330. 

hitching  tie,  3,330. 

lashing,  3,300. 

miller's,  3,322. 

reef,  def.,  ills.,  3,306., 

round  turn  and  half  hitch,  3»308. 

dip,  3.311. 

ills.,  3,305. 
surgeon's,  3.311. 
stevedore's,  3,309,  3,315. 
square,  3.320. 
theory  of,  3.310. 
timber  hitch,  3.310. 
wall,  3,317. 
weavers,  3,317. 
lashing,  3,309. 
lay,  def..  3.304. 
]oop(s),  farmer's,  3.324. 
Flemish,  3.308. 
round  seizing,  3,309. 
monila,  three,  strand,  properties,  tables, 
3,303. 
transmission,  3,338,  3,342. 
fnftf1ii>  spike,  def.,  3,304. 
parceUed,  def.,  3,304. 
power  transmission,  3,332-3,338. 
pulleys,  3.322,  3,332-3,336. 
relaying,  3,325. 
sag,  3,338. 
serve,  def.,  3,304. 
sheaves,  3,335. 
sheep  shanks,  3.309,  3,329. 
shortening,  without  cutting,  3,309. 
sieze,  def.,  3,304. 
snarl,  undoing,  ills.,  3,302. 
splice,  3,304. 

spluesiing),   broken    strand,   renewing, 
iUs.,  3,344. 
effect  of,  3.321. 
EngUsh  V,  3.348. 
eye,  3.308,  3.344. 
long,  3.308,  3,339,  3,340,  3.343. 
method,  3,307. 
short,  3,308,  3,339. 
sling,  3,310. 
strop,  3,310. 
transmission,  3,346. 

EngUsh  V,  3,348. 
wire,  3,349-3,360. 
strand,  3.302,  3.304. 
tackle,  ills.,  3,328. 
taut,  def.,  3,304,  3,323. 
Uansmission,  American,  3,342. 
compound  wrap,  ills.,  3,334. 
mamla,  3,338,  3,342. 
properties  of,  3,337,  3,338. 
spUce,  8,348. 
system,  des.,  ilk.,  3,331. 
trip  shng,  3,327. 
whipping  the  ends,  3,327. 
irire,    splicing,    operations    necessary, 
ills.,  3,349-3.360. 


Viap%{^,— Continued 

yam,  def.,  8,304. 
Rotary,  air  pvunp,  ills.,  3,153. 

crane,  3.259,  3,261. 
Rotrex  valve,  iUs.,  3,149. 
Ro\md,  seizing,  loop,.3,309. 

turn  and  half  hitch,  ropes,  ill8.»  3,307, 
3.308. 
Row  and  Davis  evaporator,  3,167. 
Rubber  valve,  3,157. 
Run,  pipe  fitting,  2.833. 
Rust  jomt,  pipe  fitting,  2.833. 


S 


Sag,  ropes,  3,338. 
SaUois'  hitch,  3.318. 
Scaffold  hitch,  3.319. 
School  room  ventilation,  8,007,  3.008. 
Schutte  and  Koerting,  bilge  syphons,  ills., 
3.168. 

distiller,  ills.,  3.170,  8.171. 

evaporator,  ills.,  3,169,  3,171. 

fe^  water  heater,  ills.,  3,173. 

grease  extractor  and  feed  water  filter, 
ills.,  3,175. 
Scale  trap  refrigeration,  8,038. 
Scores,  drum,  elevators,  3,254. 
Screw  glands,  packings,   condenser,   tirpes, 

ms.,  3.139. 
Screwed,  fittings,  pipe,  2,898. 

joints,  pipe  fittings,  ills.,  2,845. 
Seal,  anti-syphon,  steam  heating,  ills.,  2.958. 
Sealed  return,  steam  heating,  2,919. 
Semi-steel  p»e  fittings,  2,835. 
Separator,  on,  heating  system,  iHs.,  2,962, 
2,964. 

steam,  heating  system,  ills*f  2,064. 
Service  ell,  pipe  fitting,  2,833. 

pipe,  2,833. 

tee,  pipe  fitting,  2,833. 
Settling  chamber ,?heating  system,  ifis.,  2,964. 
Shackle  anchor,  ills.,  3^2,  8.293. 
Shaft  elevators.  3.213,  3.214. 
Shaw,  crane,  ills.,  3.271. 

crane  motor,  ills.,  3.269. 
Sheave  (s),  blocks,  ills.,  3,280* 
hoists,  3,286. 

rope,  3,335. 
Sheep  shanks,  knot,  3.309,  3,329. 
Sheer  legs  crane,  ills.,  3,267. 
Sheet  bend,  ropes,  ills.,  3,306. 
Shell,  design,  condensers,  3,130. 

type  refrigeration  machine,  ills.,  8,068> 
Short  nipple,  pipe  fitting,  2,833. 
Shoulder,  pipe  fitting,  2,833. 
Shut  off,  pipe  fitting,  2.836. 
Sieze,  repes,  def.,  3,304. 
Single,  cylinder  winch,  ills.,  3.280. 

phase  elevator  motor,  3,235. 

shaft  hoists,  ills.,  3,283. 

tube  condenser,  iUs.,  3,136,  3.1S8. 
Skimming  tank,  distilling,  3,068. 


XX 


INDEX  OF  GUIDE  No,  7 


SliasBt  cranet  ill8.»  3.292. 
^lioiBting,  ills.,  3.292. 
sup  knot,  ropes,  ills.,  3.305,  3.311. 
Snatch  blodcs,  ills.,  3.287. 
SolMioid  switch,  elevator,  3.241. 
Spanish  bowline  knot,  ills.,  3.314. 
Speed,  crane,  3.297. 

oontrolf  elevators,  3.225. 
Spike,  marlin,  ropes,  def.,  3.304. 
**Spht>-hurling"  air  ptimp,  ills.,  3.151. 
Spuce,  ropes,  see  Rope(s)  splices  (ing). 
mlit  phase  standard  motor,  3,235. 
$>ray,    cooling   pond,   see   Cooling  ponds, 
spray, 
valve,  condenser,  3,125* 
springhead  cominessor,  ills.,  3,030. 
Sprinjder,  fittings,  cast  iron,  ills.,  2,899. 
Spur,  gear  drive,  elevator,  3,247. 

geared  hoist,  planetary,  ills.,  3,289. 
Sqttare  knot,  3,320. 
S<iairrel  cage  induction  motor,  3,235. 
Standard*  condenser,  ills.,  3.136,  3.138. 
plungff  Oevaicr,  iUs.,,  3,219,  3,220. 
pumping  plant,  ills.,  3.226. 
valve,   flls.,    8.221,   3.224. 
pressure,  pipe,  2,833. 
single  tube  condenser,  ills.,  3,136. 
wrought^  pipe,  diameter,  2,823. 
steel  pipe  bends,  radii,  2,890. 
Starting,  cranes,  3,256. 

elevators,  3,217,  3,224,  3»227. 
valve,  3,280. 
Start«-  contacts,  motor,  crane,  3,256. 
Steam,  loector,  3,152. 

elevators,  development,  3.206. 
engitUp  elevator,  oscillating,  3.204,  3.205. 
operation,   theoreticsu  and  actual, 
condenser,  diag.,  3.103. 
exhaust,  temperature,  3.108. 
fitting,  see  pipe  fitting, 
hydraulic  crane,  ills.,  3.264. 
jet  air  pump,  ills.,  3.152. 
lighter  than  air,  2.933,  2.940,  2,959. 
loop,  steam  hebtmg,  ills.,  2,925,  2,927, 

2,930. 
main,  steam  heating,  size,  water  pocket, 

2  923 
piping,  angles,* iils.,  2.850-2.855. 

atmo^heric  pretsure  and  vacuum 

system,    ills.,    2.940,    2.966. 
power  plant,  marine,  ills.,  2.902. 
vacuum  heating,  ills.,  2,943. 
pressure^  atmosphenc  pressure  heating, 
ills.,  2.932. 
vacuum  heating,  2.943,  2,947. 
separator,  heating  system,  ills.,  2,964. 
temperature,    damper    regulator,    ills., 

2,952-2,954. 
trap,  heating  system,  ills.,  2.964. 
Steamer,  Stornaway  /,  condenser  installa- 
tion, ills.,  3,ia2,  3,133. 
SUnrnaway  11,  low  level  air  pump  and 
condenser    arrangement,    ills., 
3.131. 
Steel,  cast,  pipe  fittings,  2,835. 
pipe,  naanufacture,  2,821- 


Stevedore's  knot,  3.809,  3.315 
Still,  refrigeration,  3.051. 
Stock,  pipe,  ills.,  2,870. 
'Stop(s),  limit,  crane,  3,258. 

limit,  elevator,  machine,  ills.,  3.215. 
hoist,  3,296. 

folvep  elevator^  3,225. 
refrigeration,  3;028. 
steam  engine,  ills.,  2,902. 
Stove,  heating,  2.912. 
Strand,  rope,  ills.,  3.302,  3,304,  3,344. 
Street  elbow,  pipe  fitting,  2,833. 
Stroke  length,  ar  pump,  3,154. 
Stuffing    box(es),    compressor,    ills.,    3,03(. 

condenser,  ills.,  3,138. 

refrigeration,  3,041. 
Suction,  pipe  refrigeration,  3,028. 

valve,  refrigeration,  3,028. 
Sulphurous  acid  refrigeration,  3,075. 
Surface  condenser,  3,110,  3,131,  3.132,  3,136. 

air  pump,  ills.,  3,154,  3,155. 

flow,  ills.,  3,140,  3,141. 
Surgeon's  knot,  3,311. 
Sweep  tee,  pipe  fittings,  double,  2,831. 
Swing  check  valve,  ills.,  3.155. 
Switch,  elevator,  3.240,  3.241. 
Swivel,  ills.,  3.286. 

Sjrphon,  anti^,  seal,  steam   heating,   ilU.. 
2.958. 

bilge,  ills.,  3,168. 


T 


Table,  expansion  of  water,  2.973. 
fiange^  brass,  dimensions,  2,862, 
pipe,  dimensions,  2,842-2,844. 
heat  loss,  2,987. 
hoisting  speed,  3,290. 
horse  power,  ropes,  3,337. 
hot  water  heating  mains,  3,001. 
of  rope  properties,  3,303. 
of  steam  heating  mains,  sizes,  3,001. 
overall  dimensions,  pipe,  2,907. 

pipe,  extra  strong,  properties,  2,91C 
pipe.  Properties, 

double  extra  strong,  2,010 
extra  strong,  .2,910 
standard,  2,908 
pipe,  fittings,  malleable,  dimensions,  ills., 
2,905. 
nipple,  sizes,  2,838. 
properties,  2,908. 
taps,  drill  sizes  for,  2,886. 
return  bend,  dimensions,  ills.,  2,852 

-2,855 
thread  (s),  American  Briggs  stand- 
ard, 2,837. 

length  for  tight  joint,  2,903. 
wrought  steel,  bursting  and  work 
ing  pressure,  2,827. 
Tackle,  and  block,  ills.,  3,288. 
rope,  ills.,  3,328. 
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Tank,  congealing,  refrigeration,  elementary, 
ills.,  3.022,  8.024. 
expansion,    hot    water    heating,    ills., 

2,973,  2.974. 
freezing,  refrigeration.  Eclipse  ice  mak- 
ing system,  ills.,  3,095. 
Taper,  pipe,  ills.,  2.822. 
Tapping,  pipe,  see  Pipe  tapping. 
Taut,  ropes,  deg.,  3,304,  3,323. 
Tee{8),  Pipe  fittingis),  branch,   2,830-2,833, 
2.856-2,850. 
hot  water  heatings  2,976. 
tmion,  ills.,  2,863. 
Telpherage,   3.294. 
Telphers,  automatic,  3,295. 
brakes,  3.298. 
motors,  3.297. 
non-automatic,  3,295. 
power  features,  3,296,  3,297. 
tracks,  3.298. 
Temperature,  hot  water  heating,  2,971. 

low,  refrigeration,  production,  methods, 

3,011. 
regulation,  electric  heaters,  2.983. 
indirect  heating,  ills.,  2,969. 
regulator,  combination,  ills.,  2.963. 
steam,  damper  regulator,  ills.,  2,952- 

2,954. 
water,  effect  on  weight,  2.973. 
Tensile  strength,  pipe,  2,827. 
Terry  derrick,  ills.,  3.274,  3,276. 
Tests,  pii>e,  2,825,  2.826. 
Theoretical  diagrams,  3.103,  3,106,  3.107. 
Thermo-seal,  regulator,  ills.,  2.952. 
Thermostatic,  pressure  control,  ills.,  2.953. 
valve,  condenser,  3.155. 

heating,  2.933,  2.945,  2,948,  2.949, 
2.956,  2.959,  2.962. 
Thompson,  vacuum  pimip,  ills.,  2.955. 
Thread,  pipe,  see  Pipe  thread. 
Three  circuit  arrangement,  electric  heaters, 

internal,  ills.,  2.983. 
Throttling  engine,  3.106 
Tile,  heat  loss,  2,987. 
Timber  hitch,  rope,  3.310,  3.315. 
Toledo  pipe  threads,  ills.,  2.875. 
Tongs,  hoisting,  ills.,  3,292. 
Tools,  pipe,  bending,  des.,  2,893. 

fitting,  ills.,  2.864,  2.866-2.910. 
threader,     receding,      2.872-2.875, 
2.889. 
Torricellian  vacuum,  3.099. 
Tower,  cooling,  class.,  3.190. 
Tracks,  telpher,  3.295,  3.293. 
Traction  elevator(s),  3,209,  3.211,  3,212. 
drive,  ills.,  3.210,  3.240,  3.245. 
engine,  3,204,  3.205. 
Tram  crane,  3.261. 
Transmission  elievators«  3.244. 

rope,  3.331,  3.334,  3.337,  3.338,  3.342, 
.  3,345-3,349. 
Transportation,  aerial,  telpherage,  3.294. 
Transporter,  crane,  3,266,  3,268. 
Trap,  oil,  2.964,  3,038. 

steam    heating,    2.922,    2.934,    2.935, 
2.938.  2.939,  2,941,  2.964. 


Traveling,  crane,  ills.,  3,260,  8,265,  3,266, 
3,275. 
hoists,  power  required  to  drive,  3,275. 
Tricity  element,  electrie  heating,  2.983. 
Tri-duty,  trap,  air  and  vacuum,  ills.,  2,935, 

2,939,  2,041. 
Trip  sling,  ropes,  3,327. 
Trolley,  crane,  3,265. 
hoist,  ills.,  3,296. 
Tubes,  condenser,  3,135-3,138,  3,142-3.144, 
3,195. 
packing,  3,139. 
Turnbuckles,  crane,  3,202. 
Two  pipe  system,  hot  water  heating,  ills., 
2.973,  2.974. 
steam  heating,  ills.,  2,931,  2,932. 


U 

Underfeed  steam  heating  s^^em,  2,017. 
Underseat  electric  heating,  ills.,  2.985. 
Union,    pipe    fiting,    2,833,    2,834,    2,836, 

2,845-2,847,  2.863. 
Unit(s),  electric  heating,  2,981,  2.982. 

power,  location,  elevators,  class.,  3,203. 
Universal  joint,  pipe,  ills.,  2,902. 


V 


Vacuum,    and     brine    temperature,     table, 
3,081. 

breaker  condenser,  3.117,  3.119. 

condenser,   3,099-3.105,   3.111-3,113. 

distilling  refrigeration  system,  3,066. 

gauge,  ills.,  3,101. 

heating,  see  Heating,  vacuum. 

lift  pump,  3,104. 

pump,    heating    sjrstem,    ills.,     2,955, 
2,964,  2,991. 

retainer,  ills.,  2,961,  2.962. 

return  line  heating  system,  ills.,  2,99   . 

Torricelian,  3,099. 
Valve,  2.956,  2,957,  2,961,  2,962. 

air,  pump,  ills.,  3,149. 

relief,  ills.,  2.956,  2,957. 

back  pressure,  ills.,  2,966. 

bucket,  ills.,  3.157. 

centrifugal  pump,  3,158. 

charging  refrigeration,  ills.,  3.016. 

classification,  2,827. 

condenser,  Gutermuth,  ills.,  3,149. 

elevator  pilot,  ills.,  3,228. 

plunger,  ills.,  3,221,  3,224. 

expansion,  refrigeration,  3,019,  3,022« 

flap,  3,158. 

flexible  metallic,  ills.,  3,149. 

foot,  ills.,  3,157. 
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gate,  ills.,  2.045,  3.155. 

globe,  ills.,  3,155. 

Gtttennuth,  3,148,  3.140. 

head,  ills.^  3.157. 

impulse,  lUs.,  2.044. 

make  up,  ills.,  2.062,  2.064. 

metallic,  composition,  3.140. 

MuUan,  ills.,  3.140. 

needle  expansion,  3.036. 

pass  over,  3.280. 

pipe  fittings,  2.831,  2.832. 

TMessure  regulating,   ills.,  2,062,  2,064, 

2,065. 
radiator,    air,    indirect    heating,    ills., 
2.066. 
fractional,  ills.,  2.050. 
packless,  iUs.,  2.038,   2,045^2.052. 
retainer,  ills.,  2.040,  2.050. 
nfrigeration, 

by  pass,  ills.,  3.028. 
check,  3.050. 
discharge  stop,  3,028. 
expansion,  3.010,  3.058,  3,050. 
gnnding,  3,020. 
needle  expansion,  3,036. 
removing,  3,041. 
suction  stop,  ills.,  3,028. 
retainer,  thermostatic,  ills.,  2,050. 
Rotrex,  ills.,  3,140. 
rubber,  3.157. 
starting,  3,280. 
stopt  elevators,  3,225. 
refrigeration,  3.028. 
steam  en^ne,  ills.,  2.002. 
swing  check,  ills.,  3,155. 
thermostatic,   atmospheric  and   vacuum 
system,  ills.,  2,040. 
condenser,  3,155. 

heating,  2,033,  2.045,  2,048,  2.040, 
2.056,  2.050,  2,062. 
throttle,  3.080. 

vacuum,  ills.,  2.056,  2,057,  2.061,  2.062. 
wash  out,  ills.,  3.080. 
Van   Auken,   heating  system,   ills.,   2.064, 
2,000. 
valve,  vacuum  retainer,     ills.,  2,061. 
Vandeman  pipe  bending  form,  ills.,  2,801. 
Vapor  system,  steam  heating,  ills.,  2.032- 

2,040. 
Velocity  ratio  classification,  elevators,  3,204. 
Ventilation,  3.005. 

and  heating,  2.011-3.010. 
hydraulic  engine,  ills.,  3.220. 
rooms,  3,005-3.008. 
indirect  heating,  ills.,  2,067,  2,068. 
requirements,  3,008. 
school  room,  3,007,  3.008. 
Vilter,  refrigeration  operating  instruct iorta, 
3,041. 
small  can  ice  plant,  ills.,  3.017. 
Vise,     pipe,     ills.,      2,864,      2.865. 
Vcgt     absorption     refrigerating     machine, 
3,047. 
rhees,  refrigeration  directions,  3,046. 


W 


Walking  crane,  3,261. 
Wall(s),  elevators,  3,214. 

knot,  3,317. 
Walworth,  pipe  stock,  ills.,  2,870- 
Warner     elevator,    freight,     machine,     ills., 
3.252. 
motor,  ills,  3.233,  3.234. 
Wash  out,  valve,  ills.,  3.080. 
Water,  capacity,  cooling,  ponds,  3.180. 
cyhnder,  crane,  ills.,  3.264. 
distilling:,  3.150. 

energy  of,  under  high  pressure,  3,218. 
expansion,  heat,  2,073. 
hammer,    steam    heating,    ills.,    2,023, 

2,034. 
heater,  see  Heater,  hot  water, 
loss,  heating  system,  ills.,  2,064. 
Pocket,  main  size,  steam  heating,  2.023. 
steam  heating,  causes,  iUs.,  2,022, 
.  2,023. 
imder  high  pressure,  power  transmission, 

3,218. 
weight,  different  temperatures,  2,073. 
works,  condenser,  ills.,  3,143. 
Watt,  condenser,  3,132. 
Weaver's  knot,  3,317. 
Weights,  elevator,  cotmter,  3,254. 
Weiss,  high  level,  condenser,  iHs.,  8,120. 
Webster,  "Pres-Co"  vacuum  steam  heating 

system,  ills.,   2,042, 
Wet    air,    pump,  condenser,    3,112,    3.113, 
3.116,   3.117,   3.147-3.140. 
heating,  2,058. 
Wet    return,    steam    heating,    ills.,    2.018- 

2,033. 
Wharf  crane,  ills.,  3,271. 

Wheeler   Condenser    Co.,  evaporator,    ills., 
3  178. 
ills.,  3,112*,  3,114,  3,143. 
cooling  tower,  ills.,  3,103. 
pump^  dry  air,  ills.,  3,148. 
Radojet  air  pump,   ills.,   3,152,  3,153, 
3,155. 
Whipping  the  ends,  rope,  3,327. 
Winch  hoists,  ills.,  3,280,  3,281. 
Windlass  hoists,  Chinese,  iUs.,  3,283. 
Wipe(d)  joint,  pipe  fitting,  2,834. 

rope,  3,340-3,360. 
Wiring  diagram,  electric  heater,  ills.,  2,086. 
Wood,  heat  loss,  2,087. 

Wooden  ferrules,   condenser  tube  nackinff 
ills.,  3,130.  i«v«iig, 

Wolf,  ice  plant,  ills.,  3.000. 

Wool,  pipe  fittings,  lead,  2,832. 

Working  pressure,  pipe,  2,826,  2,827. 

Worm,  drive,  elevator,  ills.,  3,251,  d»253. 

gear,  drive,  elevators,  3,250. 
dists,  ills.,  3.282,  3.200. 
Worthington,  air  pump,  ills.,  8,151. 
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Worthinston— Con<«nttei 

low  level  parallel   flow  jet   condenser» 
ills.,  3.118. 
Wrenches*  ^pe»  various,  ills.,  2,894-2,896. 
Wrought  pipes,  standard,  properties,  2.908. 
2  823. 
weight,  ills'.,  2,824. 
Wuest  system,  herringbone  gears,  elevators, 

3.250. 
Wye,  pipe  fitting;  2.834. 


Y 


Yam,  rope,  def.,  3,304. 
IT  branch,  pipe,  ills.,  2,859. 
York,  ammonia  pump,  iUs.,  3.062. 

generator  and  analyzer,  3,048. 

refrigeration  cofflprefisor,  ills.,  3,0t7. 
'      ■       .        \ 
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pJERE  is  a  set  of  books  that  no  man  in  the  ELEC- 
"-  TRICAL  FIELD  should  do  without.  This  is  the 
ELECTRICAL  AGE  in  which  we  live;  ELECTRIC- 
ITY now  controls  more  trades,  directs  more  men, 
offers  more  opportunities  than  any  other  power  that 
man  has  yet  discovered.  Do  you  wish  to  know  the 
underlying  orindples  of  MODERN  ELECTRICAL 
PRACTICE? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  will  give 
you  the  information.  In  reality  they  are  a  school 
within  themselves,  containing  a  complete  study  course 
with  QUESTIONS,  ANSWERS  AND  ILLUSTRA- 
TIONS, written  in  plain  everyday  language  so  that  a 
practical  man  can  understand  the  "HOW,  WHEN 
AND  WHY"  OF  ELECTRICITY. 

Read  over  the  titles  shown  on  the  back  of  eadh  volume,  and 
note  the  tcope  of  each  book.  They  are  handsomely  bound  in 
flexible  black  doth  with  gold  edges  and  will  readily  go  in  the 
pocket.  THEY  ARE  NOT  ONLY  THE  BEST,  BUT  THE 
CHEAPEST  WORKS  PUBLISHED  ON  ELECTRICITY.  . 

Each  book  Is  complete  in  itself  and  will  be  supplied  f  i.oo  per 
copy,  but  we  believe  that  the  complete  set  is  the  best  bargain. 

The  books  can  speak  for  themselves  and  a  careful  examinatioii, 
page  by  ^agc,  and  iUustsation  by  illustration,  will  convince  yo« 
of  their  big  value. 

If  you  will  fill  out  the  following  coupon  giving  all  ^e  Informa- 
tion requested,  WE  WILL  SUBMIT  THE  TEN , VOLUMES 
FOR  EXAMINATION  ON  CONDITIONS  NAMED. 
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THEO.  AUDEL  &  CO., 

65  W.  23rd  St.,  NEW  YORK. 

Please  submit  me  for  examination 
HAWKINS  ELECTRICAL  GUIDES  (Price  |i  each.) 

Ship  at  once,  prepaid,  the  lo  numbers;  if  satisfactory  I  agree  to 
send  you  $i  within  seven  days  and  to  further  mail  you'  $i  each 
month  until  paid. 
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